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MODERN THEORIES OF THE ORIGIN OF THE 
UNIVERSE? 


BY 


Pror. HERBERT DINGLE 


Let me begin by trying to express the 
culiar pleasure with which I received the 
invitation to deliver the Norman Lockyer 
Lecture for 1949. More than twenty-five 
years ago I had the privilege of being invited 
by Lady Lockyer to assist her and her step- 
daughter in preparing a scientific biography 
of her late husband. Thereafter for some 
years I spent most of my vacations at Sid- 
mouth going through the vast amount of 
material that had been preserved there, out of 
which I was to form a mental picture of the 
great astronomer, whom personally I never 
met, and estimate his achievement in science. 
The work was laborious, but I find it im- 
possible now to over-estimate its influence on 
my understanding of the history of science 
during the greater part of the last hundred 
years. Not only was Sir Norman Lockyer 
for half a century in the vanguard of astro- 
nomical research, but also, as founder and 
editor for fifty years of Nature, he was in con- 
stant correspondence with the leaders in all 
branches of science throughout the world, 
and was moreover on terms of friendship 
with many and acquaintanceship with most of 
the leading men in all departments of thought 
of his time. You may perhaps imagine the 
insight into the history of the period which 
the examination of his papers afforded to a 
pangih worker then in the early stages of 
activities in Lockyer’s own College at 
South Kensington. However this lecture 
May appear to others, to me it is not only a 
tribute to a man of science of outstanding 
imagination and energy, but also the flower- 
ing of seeds of thought which he planted after 
his earthly labours had ceased. 

I have chosen the subject of the lecture for 
two reasons, apart from the attraction which 
it must always have for those whose mental 
| Teach exceeds their grasp. In the first place, 
ithas quite recently given rise to speculations 
| Of the highest interest and boldness, which 
Present us with possibilities not previously 
entertained by reputable scientists; and 
secondly, there is an important sense in which 
Lockyer himself can be said to have been the 
originator of the first modern theory of the 


1 The Norman Lockyer Lecture given at Birmingham 
on November 22, 1949. 


origin and development of the universe. 
True, there were earlier speculations. Kant, 
Lambert, Buffon, Laplace and others, all in 
some sense or other cast their powerful minds 
back into the distant past and discerned a 
world which might have been ; but with the 
knowledge then available of the world as it 
was, no human imagination could have con- 
ceived anything now acceptable as even an 
approximation to the truth. Sir William 
Herschel, from his magnificent observations 
of the northern skies, could fairly claim to 
have earned the first right to speculate 
scientifically on these matters, but even he 
had nothing to work with but an irregularly 
distributed system of stars, ‘a shining fluid, 
of a nature totally unknown to us,’ which we 
now call ‘ nebulous matter,’ and universal 
gravitation. His first suspicion was that the 
‘shining fluid’ was produced by the stars, 
but he later reversed his idea of the course of 
events and made it the original material out 
of which stars were formed by gravitational 
condensation. There the matter rested until 
Lockyer in 1888 completed the foundation of 
his ‘ meteoritic hypothesis,’ and I want to 
begin with a brief account of a theory which, 
whatever its ultimate relation to fact may be, 
must always remain as one of the most com- 
prehensive and stimulating examples of 
scientific correlation that the history of 
science affords. 

Lockyer had available a wealth of know- 
ledge beyond the reach of Herschel. He 
knew the distances of the nearer stars, and 
knew therefore that the stars were not all 
equally bright, as Herschel had assumed, but 
varied widely in brightness as in other char- 
acteristics of which Herschel was unaware. 
He could not believe, as did Herschel, that 
the Sun was a habitable body. But above all 
he had the revelations of the spectroscope, 
which told him that Herschel’s ‘ shining 
fluid ’ was a luminous gas, and that many 
apparent examples of it, though indistinguish- 
able through the telescope from actual ones, 
were really unresolved clusters of stars. The 
spectroscope told him also the composition of 
part at least of the stars ; he knew that ele- 
ments existed in the farthest accessible 
regions of space which were identical with the 
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elements that the chemist studied in his ter- 
restrial laboratory. It told him something 
of the nature of comets, of lightning, of the 
aurora borealis, of novae or new stars. Con- 
tinued observations had shown that each day 
millions of meteors—tiny particles, no bigger 
than a pin’s head—entered our atmosphere 
and were there burnt to vapour; and the 
comparatively rare meteorites, which, being 
much larger, managed to reach the surface 
of the Earth in the solid state, could be sub- 
jected to spectroscopic examination so that 
their composition could be determined. All 
this knowledge, and much more, made past 
speculations obsolete. ‘The situation pleaded 
for an imaginative thinker to co-ordinate the 
new facts into a systematic whole, and 
Lockyer was ready to answer the call. 
His scheme of things took its start from the 
phenomenon of meteors. The known facts 
did not necessarily demand that they existed 
outside the solar system : on the other hand, 
the facts were equally consistent with the 
possibility that the whole universe was a 
meteoritic plenum, all the space between the 
stars being filled with these tiny particles 
moving in all directions at great speeds. 
Always partial to the larger view, Lockyer 
chose the latter alternative. He thus pic- 
tured an unlimited sea of meteors, of various 
sizes from the minutest specks up to large 
boulders, in which the heavenly bodies— 
stars, planets, comets, nebulae and what not 
—swam along in their several ways. Now 
this inevitably suggested that these massive 
bodies were simply local gravitational con- 
densations, more or less compact, in what 
was originally a uniform distribution of 
meteors alone. Their composition was iden- 
tical, as the spectroscope had shown, and here 
Lockyer had available a method of research 
peculiarly his own. ‘To his contemporaries, 
the spectrum of a substance showed only the 
chemical composition of the substance ; no 
matter what the physical conditions of 
luminosity were, the spectrum was thought to 
remain thesame. But Lockyer, from his own 
laboratory researches, knew better. He knew 
that the same substance could give a variety 
of spectra, according to the temperature and 
pressure to which it was subjected. He ac- 
cordingly saw a most fruitful programme of 
research before him. Taking samples of 
meteorites which had fallen on the Earth, he 
enclosed them in vacuum tubes, subjected 
them to various temperatures and pressures, 
and examined their spectra. As the tem- 
perature rose the spectrum changed con- 
tinuously, and, comparing the sequence of 
spectra with the spectra of the various 
heavenly bodies, he drew conclusions as to 
the physical conditions in those bodies and so 
formed an idea of the course of inorganic 


evolution. He summed it all up in the 
following dictum : ‘ All self-luminous bodies 
in the celestial spaces are composed either of 
swarms of meteorites or of masses of meteor- 
itic vapour produced by heat.’ 

This hypothesis, in all its details, was 
radically at variance with existing concep- 
tions. It was universally believed at that 
time that atoms were unchangeable. Lock- 
yer, on the contrary, was forced to the con- 
clusion, from his observations of the effect of 
physical conditions on spectra, that at high 
temperatures atoms could be broken up into 
simpler particles. His scheme of evolution 
therefore included not only the large-scale but 
also the small-scale development of matter. 
His original meteorites were matter as we 
now know it on the Earth. Through their 
gravitational attraction, local clusters would 
form. A large, recently formed, and there- 
fore diffuse one would be a nebula, in which 
the collisions generated enough heat to form 
the vapour which the spectroscope detected 
in it. A much smaller cluster of the same 
type might forma comet. A new star would 
be the result of a collision between two clusters, 
The most typical cluster, however, would form 
an ordinary star. At first it would be large, 
diffuse and cool; 
gravitation of its parts and consequent heat- 
ing up through collisions, it would become 
smaller, denser and hotter until it reached a 
state of complete vaporisation. Thereafter 
it could only cool by radiation, since col- 
lisions could no longer supply it with heat, 
and so it would gradually condense to a final 
cold, dark, solid state in which it would 
remain throughout the rest of time. As the 
development went on the atoms of the ele- 
ments would be gradually broken up while 
the temperature was rising—a process beauti- 
fully consistent with the gradual change from 
the complex spectra of cool to the simpler 
spectra of the hotter stars until, in the hottest 
of all, little more than hydrogen and his own 
helium was to be seen. As the temperature 
fell again the ordinary terrestrial elements 
would gradually be re-formed,. so_ that 
matter in the great variety which we know 
was the initial and final state of substance 
which was reduced to its simplest form only 
in the hottest stars. 


then, by the mutual | 


Lockyer’s hypothesis met with no suppott | 


from his contemporaries. They were not | 
prepared to entertain ideas so revolutionary 

as those of the breaking up of atoms and of 
stars which were rising in temperature. We | 
do not accept it to-day, but for reasons quite | 
different from these. We now believe, | 
fact, that Lockyer was right on all those ques | 
tions on which he then stood alone, and the 
type of cosmic process that now seems to us 
probable bears far more resemblance to his 
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ideas than to those of any other nineteenth- 
century scientist. The objections which we 
see to his great generalisation arise from 
knowledge most of which he had no means of 
possessing, and even had his imagination 
reached out to it, he would not have been 
justified in giving it credence in the absence 
of evidence. We know that his pioneer 
notions of spectrum analysis were too naive to 
warrant the conclusions he drew. We now 
have actual experience of inter-stellar matter, 
but it is not only, if at all, of the meteoritic 
type ; it consists of isolated atoms and funda- 
mental particles of which in Lockyer’s day 
the existence was not known. Again, we are 
now able to estimate the ages of some at least 
of the stars, and we know that the process 
which Lockyer visualised would have com- 
pleted itself in a far shorter time than that 
during which the stars have actually been 
shining. Some source of energy vastly 
greater than that of incoming meteors must 
be operating in order to maintain stellar 
radiation throughout these extended life- 
times, and although we accept Lockyer’s 
brilliant deduction of the impermanence of 
atoms under extreme physical conditions, we 
believe that in the stars energy is produced by 
the building up of the terrestrial elements 
rather than spent in their breaking down. 
Our evidence shows that by far the greater 
part of the matter in the universe is still in the 
form of atoms or ions of hydrogen which, by 
the process of evolution, gradually unite into 
the more complex elements we know on the 
Earth, and if this process is destined to con- 
tinue until all the hydrogen is used up, then 
the universe is still comparatively very young. 
The new vistas which these and other dis- 
coveries are opening up are so numerous and 
perplexing that the creation of a single com- 
prehensive hypothesis which will co-ordinate 
the various facts of observation is to-day 
scarcely possible. At the moment the rate of 
discovery outstrips our power of unifying the 
knowledge obtained, and the course of 
evolution which the present variety of stellar 
characteristics suggests is therefore uncertain 
in the extreme. In the following very brief 
account of the indications of this line of 
approach I am greatly indebted to Dr. Otto 
Struve, Director of the Yerkes and McDonald 
Observatories in America, who has very 
kindly lent me the typescript of his forth- 
coming book on ‘Stellar Evolution.’ Dr. 
Struve stands in the forefront of present-day 
workers in this subject, and in reading his 
fascinating book one has the assurance that 
all known facts and theories of importance 
have been taken account of. 

The stars we now know show wide differ- 
ences in most of their characteristics. In 
mass, brightness, surface temperature, size, 
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density, velocity, and in fact, in almost every 
quality we can examine, they vary over a 
greater or smaller range, and it is therefore 
hard not to believe that they vary also in 
age. The variations are not all independent, 
however. There are many correlations be- 
tween them, of which the two most significant 
are those between brightness and mass on the 
one hand and brightness and surface tem- 
perature, or spectrum, on the other. If we 
know how bright a star is we can say in 
general how massive it is, and if we know its 
surface temperature (as we can do from its 
spectrum) we can say that its brightness has 
one of two values whose difference is neglig- 
ible for the hotter stars but is considerable for 
the cooler ones. Such correlations as these 
are the clues from which we are to deduce the 
life history of a star. I have already spoken 
of the atomic source of energy inside each 
star and of the cloud of interstellar matter in 
which all the stars are immersed, and I must 
now add that the stars are rotating at various 
rates, that probably at least half of them are 
double—i.e. they consist of two components 
(and sometimes more) which revolve round 
their common centre of gravity—and that 
many of them show periodic variations of 
brightness. That is the broad picture: 
what is the course of events that has produced 
it ? 

In the first place, it seems that we can no 
longer retain the belief that has been almost 
universally held ever since the subject of 
stellar evolution was first taken seriously, that 
the varieties existing now among the stars all 
represent different epochs in the life of a 
single typical star, just as the various human 
beings we see on the Earth, from tiny babies 
up to centenarians, represent different stages 
in the life of a single human being. The 
difficulty now in accepting this is that we 
know that the stars vary widely in brightness, 
and consequently in mass also. If, then, a 
single star changed from the most massive 
to the least massive state, it would have 
had during its lifetime to lose far more mass 
than for other reasons we can allow to be 
possible. We must therefore recognise that 
there are different types of star, which 
pursue different, though perhaps similar, life 
courses. 

From our idea of the processes of energy 
generation in the stars we can compute their 
ages. Some stars, it seems, must have been 
shining for four or five thousand million 
years, while some of the very bright and 
massive ones can scarcely have been active for 
more than a million years. The latter figure 
is so near to the present time compared with 
the former that we must suppose that the 
process of star-birth is going on continuously, 
and that stars are being formed even now. 
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Where shall we look to see them in process of 
formation? ‘The youngest known stars are 
moving slowly, and in a million years they 
cannot have moved far from their birthplaces 
as stellar distances go. This gives us a clue 
to their present place of origin. We find that 
such stars are often embedded in the diffuse 
nebulae which abound throughout our stellar 
system. We have means now of knowing 
that these stars are not merely seen in the 
same direction as the nebulae but are actually 
within them. It appears therefore that the 
stars might be formed from the dust and gas 
of which we know these nebulae to consist. 
The process is probably not very different in 
its general features from that which Lockyer 
imagined, though the later development of 
the star is much more complex. 

Although much remains to be found out, it 
is possible to picture a course of evolution 
which does at least take account of the 
majority of the facts now known. It is sup- 
posed that a star begins, as already indicated, 
as a rotating condensation in a diffuse 
nebula. Let us suppose that it is fairly mas- 
sive. In the course of time it develops into a 
double star, perhaps by fission but more 
probably by a form of explosion. In this 
state it is surrounded, as we know from ob- 
servation, by an extensive gaseous envelope. 
As the components of this double star revolve 
against the resistance of the envelope they 
get close together and ultimately combine 
into a single star again, in which process 
much of the envelope is dissipated into space 
and what is left forms planets like those in our 
own solar system. If this process, for the 
elucidation of which Struve and v. Weiz- 
saecker are largely responsible, is a true 
description, then solar systems like ours are 
not the rareties they have in recent times 
been thought to be, but represent normal 
stages in the evolution of the heavenly bodies. 
Moreover, there are not two independent 
types of bodies—double stars and single stars ; 
these are different stages in a single line of 
evolution. 

This is as far as we can go at present along 
the lines initiated by Lockyer. Now let me 
turn to a quite different line of thought of 
which he knew, and could have known, 
nothing. The work I have described has been 
the result of an intensive study of the stars and 
nebulae, one by one, and a putting together 
of the results to give a picture of the develop- 
ment of a single star. The relation of one 
star or nebula to the others and the extensive 
study of the general structure of the whole 
accessible universe has not concerned us. 
Much, however, has been learnt of this since 
Lockyer’s day, and its effect on our ideas has 
been profound. I will try to give a brief 
sketch of our present knowledge of this matter, 


and indicate some of the more important con- 
clusions that have been drawn from it. 

If we could withdraw ourselves to a dis- 
tance of perhaps a million light-years (a light- 
year is about six billion miles) and look 
back on the system of stars in which our 
Earth is an utterly inconspicuous unit, we 
believe that we would see something like the 
appearance shown in the plate on p. 2. 

We are in one of the outlying portions of the 
system, and as we look round us in the plane 
in which it lies, we see the girdle of the Milky 
Way, thick with stars which our telescopes 
can resolve into distinct individuals. We be- 
lieve there are some hundred thousand mil- 
lion of them. They appear most crowded in 
the direction of the centre of the system, which 
is towards the constellations of Scorpio and 
Sagittarius, but we do not see the full glory 
of the stellar host there because of the 
irregularly scattered clouds of dust and gas 
which we call diffuse nebulae. Some of these 
nebulae are dark and some bright, but they 
are all partly opaque and hide the greater 
brightness of the stars beyond. Enveloping 
and permeating the whole is, of course, the 
interstellar matter of which I have spoken, 
which, although almost inconceivably rare- 


fied, nevertheless, because of the vastness of 


the interstellar spaces, is believed to be equal 
in mass to all the stars put together. The 
whole diameter of the system is probably of 
the order of 100,000 light-years, and the stars 
and nebulae revolve round the centre just as 
the planets revolve round our Sun, though 
there is no single giant central Sun fixed there. 

Such is our stellar system. Outside it is 
space, but not empty space. If we cross a 
distance of a million light-years or so—z.e. 
about ten times the diameter of the stellar 
system—we come to another such system, and 
so on, as far as our telescopes can reach. ‘The 
number we can detect runs into millions, and 
how many lie beyond we can conjecture but 
cannot yet know. On the largest scale they 
seem to be fairly evenly scattered in space, 
but on a smaller scale, clustering of stellar 
systems is conspicuous. A single cluster may 
contain many members—anything from two 
up to a thousand or more—but for cosmic 
considerations we consider such a cluster as a 
single unit. Whether there is matter between 
the systems, as much more rarefied than inter- 
stellar matter as that is than the matter in the 
stars, is at present an unsettled question. 
These systems appear in our telescopes like 
nebulae, only the nearest being yet resolvable 
into separate stars. For that reason they 
are often called spiral nebulae, though many of 
them are not spiral and perhaps none are 
nebulae in the ordinary sense of the word. 
I will call them all ‘stellar systems’ for 
simplicity, but it must be understood that 
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many are probably in a pre-stellar stage of 
development. 

Now one of the most remarkable features of 
this gigantic company of stellar systems is 
that they are all receding from one another 
at the same rate everywhere, so that the 
whole universe appears to be opening out. 
In this process a cluster of nebulae hangs to- 
gether and moves as a whole. This is the 
phenomenon known as the ‘ expansion of the 
universe.’ The observational evidence for it 
is not absolutely conclusive, for it depends on 
a comparison of the light received from the 
distant systems with light produced now in 
our own laboratories. The former light was 
emitted many millions of years ago, and has 
been travelling inconceivable distances in 
space ever since. It seems to some astro- 
nomers too hazardous to assume that the 
production of light at that time was identical 
with its production now and that the light 
produced has suffered no change on its 
journey. However, there is no evidence that 
would indicate a change or give us any clue 
to what kind of change might occur. More- 
over, within our own stellar system, which 
affords us distances not too small a fraction of 
those of the nearest of the other systems, there 
is some evidence that no change has occurred. 
Hence it is usual to assume that the simplest 
explanation is the true one and that the whole 
physical world is opening out. . 

This discovery is the first evidence we have 
obtained that there is a universe—that is to 
say, that, at least as far as our telescopes can 
take us, matter everywhere has a definite and 
assignable relation to matter everywhere else. 
This is true however the observations are 
interpreted. Tell an astronomer that there is 
matter at any particular place at all in the 
depths of space, and he will tell you what its 
spectrum will be like. This fact is not often 
emphasised, probably because it has for long 
been assumed without evidence, but I think 
that the discovery of observational justifica- 
tion for speaking of a universe, and not of a 
mere haphazard aggregate of independent 
bodies, is nevertheless an event of great im- 
portance. It makes legitimate the applica- 
tion to the actual material world of the highly 
theoretical considerations arising from the 
theory of relativity, and it is to those that I 
now want to turn. 

I can of course give only a very general 
account of this work, but it is possible, I think, 
to do so intelligibly without falsification be- 
yond the inevitable smoothing out of the 
finer details. The essential postulate of the 
theory of relativity is simply this: that the 
natural motion of every body in the universe 
shall be as nearly as possible in a straight line 
subject only to the condition that the laws of 
nature shall be independent of which parti- 
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cular body shall be assumed to be at rest. 
This is not, on the one hand, an arbitrary 
assumption, nor, on the other, is it a demand 
of pure reason. It is based on the accumu- 
lated experience of at least 300 years, covering 
almost every field of physical observation. 
Perhaps it doesn’t appear to amount to very 
much. There may be an infinite number of 
possibilities satisfying this condition, and in 
fact when we come to small details there are, 
but, on the broad view, the unexpected fact 
is that there are remarkably few such possi- 
bilities—so few, in fact, that Einstein was able 
to deduce from this principle, without am- 
biguity, the actual law of gravitation that 
determines how the planets move round the 
Sun. It is almost like looking for Cinderella 
with only the size of a slipper as a clue, and 
finding it nevertheless sufficient. It is not 
quite like that, because when we turn to the 
whole universe there are still quite a few 
alternatives open to us, and we can decide 
between them only by actual astronomical 
observation or by reasoning on the basis of 
our general physical knowledge. What I 
want to do now is to describe some of the 
choices that have been made by recent 
workers. 

The view taken by the late Sir Arthur 
Eddington was that some 91 thousand million 
years ago all the matter of the universe was 
collected together as a homogeneous mass in 
one place, far smaller than the space we now 
survey with our telescopes, which, neverthe- 
less, then comprised the whole of space. If 
this idea is difficult to grasp, never mind. 
Suppose the matter formed a_ spherical 
nebula surrounded by infinite space if you 
like, and then, provided that you forget all 
about the surrounding space, you will be 
all right. At the time I mentioned, random 
movements within the nebula caused con- 
densations to appear here and there which 
disturbed the equilibrium of the system. It 
thereupon began to split up into a number of 
such condensed patches with spaces between 
them, and the result was that, being no longer 
able to hold together, the patches began to 
move away from one another, making their 
own space as they went. Each of them then 
began to evolve towards the condition of the 
stellar systems of which I have spoken. Some, 
which were close together in the original 
whole, were kept from dispersing by gravita- 
tional attraction, and these were to form the 
clusters of stellar systems which we now ob- 
serve. All this is quite in accordance with the 
possibilities allowed by the theory of relativ- 
ity, which permits the gravitational attraction 
existing between comparatively near bodies 
to change to a repulsion when the separation is 
very large. 

The general character of this process has 
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been accepted by Canon Lemaitre, of 
Louvain, who first showed the possibility, 
under the relativity condition, of an expand- 
ing universe of matter. There is, however, 
one significant difference between Eddington 
and Lemaitre. Eddington began with a 
homogeneous nebula ; Lemaitre begins with 
an atom. So expressed, the difference seems 
greater than it is. Both Eddington’s nebula 
and Lemaitre’s atom filled the whole of 
space ; the difference is, first, that in the 
nebula the separate particles moved about in 
a completely disorganised manner, whereas 
in the primitive atom, though equally numer- 
ous, they were organised in the same kind 
of way as the electric particles in the small 
atoms that we know; and secondly, that 
Eddington’s nebula was heavy with sleep and 
had to wait for a particularly dense chance 
condensation to wake it with almost infinite 
slowness to life, whereas Lemaitre’s atom 
was the most highly explosive thing we can 
conceive. 

Lemaitre was led to this notion by ponder- 
ing on the fact that wherever we look in 
nature now, there is evidence of a direction in 
things. The universe is expanding systemati- 
cally, not moving without aim; the ele- 
ments on the Earth are breaking up—radio- 
activity is widespread among them and it 
takes the form of a degeneration from active 
to passive elements ; the entropy of the uni- 
verse is increasing, and entropy increases 
when a quantum of energy breaks up into 
smaller quanta. All these facts define a 
direction in cosmic processes, so that to find 
out what things were like in earlier times we 
must reverse that direction. We then see 
that the stellar systems must once have been 
all at the same place, and the atoms larger, 
fewer and more explosive. At the earliest 
moment of which we can conceive, therefore, 
the greatest of all possible explosions must 
have taken place, which scattered apart into 
myriads of separate fragments the material 
which was later to evolve into mutually 
receding stellar systems. 

The force of this argument would appear 
to be somewhat weakened by the evidence 
that most of the existing matter is hydrogen, 
which inside the stars is combining into more 
complex elements. All the same, the pro- 
cesses to which Lemaitre points do in fact 
occur and cannot be ignored. Moreover, it 
would be quite possible under the relativity 
condition for the present expansion of the 
universe to be only a temporary phenomenon, 
to be succeeded by a contraction, then by a 
further expansion, and so on, the whole uni- 
verse oscillating to and fro from eternity to 
eternity. There is no evidence that this is so, 
but it might be. Nevertheless, Lemaitre 
might fairly argue that all the processes he 


reasons from are actually known to occur, 
while the others are conjectural, and his 
views must certainly be given serious con- 
sideration. 

A new idea has recently been advanced by 
Messrs. Bondi and Gold, of Cambridge, and 
developed in some detail by Mr. Hoyle of the 
same University. Their schemes differ some- 
what in technical detail, and for want of time 
I will describe only Mr. Hoyle’s, but Bondi 
and Gold are entitled to priority with respect 
to the most original part of the work. First 


of all Hoyle rejects all previous theories on | 
An oscillating universe im- | 


various grounds. 


plies a past existence of infinite duration, and | 


this is inconsistent with the fact that there is 
still a large amount of untransformed hydro- 
gen left. Eddington’s universe fails because 


the ages of clusters of stellar systems must be | 


given by the ages of the oldest stars in them, 


which appear to be about five thousand mil- | 


lion years, and five thousand million years 
ago Eddington’s universe would have ex- 
panded too far for gravitation to be able to 
form clusters. 


(This argument, however, is | 


not convincing, for the clusters of nebulae | 
may have existed long before the existing | 


stars formed in them.) Lemaitre’s universe 


must have started not more than two thousand | 


million years ago, for it started not slowly but 
rapidly ; this does not give enough time for 
the lives of the oldest stars we now know. 
Moreover, for stellar systems to hold together 
at all against the original explosion, their 
densities, which could not have decreased 
since, must have been far greater than. they 
are observed to be. Other possibilities also 
are considered and rejected in turn, so that 
we are finally left with the definite, though 
scarcely satisfying, conclusion that by no pro- 
cess at all could such a universe as that which 
we know have come into existence. 
Something drastic is called for, and this 
Hoyle supplies. He supposes that the raw 
material of the universe was not provided 
once for all at the beginning, as all the 
theories I have mentioned tacitly assume, but 
that creation of matter has been going on 
continuously all the time and is still going on. 
It is then possible for the total amount of 
matter in any region of space—say, in a 
sphere containing a million clusters of stellar 
systems—to remain constant, for as fast as 
expansion takes systems out of the sphere, 
fresh matter is created within it to compensate 
for the loss. It can be calculated that if the 
matter created takes the form of elementary 
particles or hydrogen atoms, and the creation 
is spread uniformly throughout space, like 
mist condensing in the atmosphere when the 
temperature falls, the effect on our measuring 
instruments would be too small to have been 
detected, so the notion is not inconsistent with 
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the experimental basis of the theory of con- 
servation of matter, though that theory itself 
would, of course, collapse. If this idea is 
correct, then the difficulties of the other 
hypotheses—which are all concerned with 
incompatibilities between the present and 
presumed past states of the universe—dis- 
appear. The universe on the broad scale 
would always have been the same as it is now, 
the only difference being in the identity of 
the particular units that make up the part 
observable from a given point: in the past 
we had Tweedledee, now we have Tweedle- 
dum—that is all. 

Though this hypothesis is highly revolu- 
tionary it is not unique. During this century 
we have seen enough apparently eternally 
established truths discredited to be readier 
than we were to discard a few more when 
they become inconvenient. Some years ago, 
for example, the late Sir James Jeans haz- 
arded a somewhat similar conjecture, and 
more recently, Professor R. O. Kapp has 
postulated the continuous creation and 
destruction of matter as a means of escaping 
from the implications of the second law of 
thermodynamics. Hoyle substitutes reces- 
sion into inaccessibility for destruction, and 
regards the laws of thermodynamics as having 
only a local significance. Again, Professor 
Jordan of Hamburg, just before the late war, 
advanced a theory of creation of matter which 
is in some respects more and in others less 
heretical than that of Hoyle. 

Jordan starts, in a manner which has be- 
come fashionable, with the simple numerical 
results of our measurements themselves, with- 
out at first attempting to give them any mean- 
ing at all in terms of picturable processes. He 
notes that they stand in certain relations with 
one another—for example, the age of the old- 
est stars we know is approximately equal to a 
quite independently determined quantity, 
having the dimensions of time, which results 
from measurements of the spectra of distant 
stellar systems ; and the ratio of the electro- 
static to the gravitational attraction between 
a proton and an electron is approximately 
equal to the ratio of a constant occurring in 
the mathematical expression for the dis- 
tribution of stellar systems in space to the 
radius of an electron. There are a number 
of such equalities, all of them having the 
characteristic that they are independent of 
the units in which we measure the quantities 
concerned ; they are dimensionless as we say. 
Jordan assumes, as Eddington and Dirac had 
done before him, that there are no meaning- 
less coincidences in such equalities ; they 
must mean something, and he thereupon sets 
out to draw a picture of the universe in which 
all of them are significant. He arrives at a 
result similar in its general features to those 
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of other theorists. The whole universe is 
expanding, so that the further apart two stellar 
systems are, the faster are they receding from 
one another. The limit of the universe is the 
distance at which the stellar systems would be 
receding with the velocity of light. 

So much Jordan has in common with 
Eddington, Lemaitre, Hoyle and others. But 
now there comes a difference. For Hoyle 
the speeds of the stellar systems are increasing 
with time, so that a particular stellar system 
now near the boundary of our universe will 
eventually reach the velocity of light and 
pass out of our ken, its place being taken by 
new matter created nearer at hand. For 
Jordan, however, such a stellar system will 
continually get further away but will not 
continually move faster. It will therefore 
always remain accessible to our observation, 
and the space occupied by observable matter 
will be continually increasing: in other 
words, the ‘ radius of the universe,’ as it is 
called, is increasing uniformly with time. 
That is not all. Jordan’s refusal to believe in 
meaningless coincidences forces him to say 
that not only the radius but also the mass of 
the universe is increasing with time. This is 
possible only if matter is being continuously 
created, and this hypothesis Jordan therefore 
makes. He is, however, not free, like Hoyle, 
to spread out the creation so thinly in space 
and time that it is unobservable. A relation 
which he finds or suspects between the mass 
of a star and its age must also be accepted as 
significant, and he therefore has to suppose 
that stars are born all at once. Their birth 
he identifies with the phenomena of super- 
novae—exceptionally bright new stars that 
appear in the various stellar systems, includ- 
ing our own, once every few hundred years. 

This seems more revolutionary than Hoyle’s 
hypothesis, but there is one feature of the 
theory that brings it more into line with cur- 
rent ideas. The same abject submission to 
the authority of numerical relations requires 
the gravitational constant also to change with 
time—-to decrease, in fact : that is to say, the 
gravitational attraction between two pieces 
of matter gets less and less as time goes on, 
though at too slow a rate to be detected in 
our experiments. Now this means that as 
fast as the amount of matter in the universe 
increases, the gravitational energy per unit 
mass of that matter decreases ; and since, as 
we have now for some time realised, mass and 
energy are two forms of what is fundamentally 
the same thing, the law of conservation of 
energy, or mass, still holds good. We already 
believe that in special processes, like those 
taking place in the atomic bomb and the 
interiors of stars, material mass is transformed 
into energy of radiation. Jordan now con- 
templates a universal process in which 
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gravitational potential energy is transformed 
into material mass. Hoyle wants to super- 
sede what we have held to be fundamental 
laws of nature ; Jordan wants to introduce a 
hitherto unknown and at present unimagin- 
able process which takes place in accordance 
with those laws. If I may venture to use a 
libellous metaphor, I would say that Jordan 
offends against the proprieties outrageously, 
but the law cannot touch him because of a 
loophole in it that escaped the notice of the 
legislators. Hoyle, on the other hand, knows 
that he is breaking the law but does it so sur- 
reptitiously that it is impossible to get the 
evidence on which to convict him. 

My only purpose here is to expound and 
not to criticise these theories, but inasmuch as 
Jordan’s scheme leans so heavily on the postu- 
late that there are no accidental coincidences 
in the apparent relations between dimension- 
less quantities, I must point out that the 
relations to which he attaches significance are 
by no means the precise equalities that excite 
our admiration in physical laboratories and 
lead us to look for and find new phenomena 
when they are violated by one part in 10,000 
or less. Not only are the measurements in- 
volved too difficult to permit such exactitude, 
but also there is an almost complete arbitrari- 
ness in the quantities selected for comparison. 
For example, in some of the relations, the 
mass of a proton or a meson or an electron 
might equally well be chosen, so far as we can 
see, and the range of mass here is about 2,000- 
fold. Similarly, the radius of a hydrogen 
atom and that of an electron are equally good 
candidates for recognition as an ‘ elementary 
length,’ and one is some 10,000 times greater 
than the other. When one has such a choice 
at his disposal, and after choosing the most 
amenable is willing to allow a factor of 10- 
or 100-fold for errors of observation, we can- 
not help feeling that the resulting ‘ equality,’ 
if not ‘ meaningless,’ has at least a degree of 
uncertainty in its ‘ meaning.’ On that mat- 
ter, however, each one must decide for 
himself. 

I have now described some of the most 
prominent of recent cosmological specula- 
tions. What do they suggest to us about our 
subject—the origin of the universe ? Looked 
at in the most general way, the situation ex- 
hibits two alternatives—either the universe 
has existed from eternity, or it began at a 
moment of time in the past not infinitely 
removed from the present moment. There 
is no doubt that many existing processes are 
* one-way ’” processes, and this seems to rule 
out the possibility of a static or only casually 
fluctuating universe. We must have either 
a universe in which the processes have had 
the same direction from the beginning, if 
there was one, and will have it at the end, if 


there is to be one, or a universe in which the | 


direction changes and possibly oscillates to 
and fro for ever. If we suppose the latter, it 
must be simply because we like things that 


way or because we are impatient to find an | 
immediate solution of our difficulties ; there | 


is no evidence of any kind whatever to indicate 
that this is the true state of affairs. On the 
other hand, if we suppose that the direction 
of things has always been the same, then it is 
very difficult to avoid the belief in a definite 
beginning at a particular moment of time. 
Take, for instance, the process of building up 
the heavier elements from hydrogen, which 
appears to be going on in the stars. We can 
go backwards until all the matter in the uni- 
verse was hydrogen, and what then? If the 
hydrogen had previously existed from etern- 
ity, what caused it at that moment to start 
changing? And, whatever the cause may 
have been, why did it begin to operate then, 
having been quiescent all the infinite time 
before ? We may say, of course, that the rate 
of building up of the elements increases with 
time, so that as we go backwards it gets 
slower and slower down to an infinite slow- 
ness. That, however, does not seem to accord 
with what we know of the facts. The pro- 
cess seems to occur in finite steps. You must 
make a whole atom at a time: you cannot 
make it by slow degrees. Hence there seems 
no escape that way from the admission of an 
instant of creation. 

Lemaitre gives his explosive atom but a 
momentary existence. How it came into be- 
ing he does not say. Eddington places the 
beginning of his process of expansion at a 
time 91 thousand million years ago. He 
counters the question why the condensation 
in the primitive nebula did not start earlier by 
saying that time itself began at that moment. 
This is reminiscent of St. Augustine, who held 
that time was created with the rest of the 
world, but however valid Augustine’s argu- 
ment may have been, it is difficult to see that 
Eddington’s is more than verbal. In his cos- 
mogony it was not creation that occurred at 
the beginning of time, but only a chance 
condensation in matter already created, and 
it is hard to find a meaning in the existence 
of a static universe at the mercy of chance 
before time began. Milne approaches the 
whole cosmological problem in his own way 
by conceiving first of all an ideal universe, 
constructed entirely from postulates of his own 
devising, and then applying the results to the 
actual universe. He obtains a considerable 
measure of agreement, but unfortunately the 
method fails to relieve us of our present diffi- 
culty. The quantity which in Milne’s uni- 
verse is correlated with the relative motion 
of bodies in the actual universe cannot be 
unambiguously connected with it, so that we 


10 


are 
wh 
one 
the 
we 
sO 
is t 
) tio 
fin 
aD 
fac 
loo 
of 
prec 
} be 
ma 
tre 
tin 
all 
mi 
} act 
ark 
fac 
ete 

P 

t1 
thi 
po: 
tha 

Fo 
the 
vir 
obs 
De 
thi 
tio 
arg 
gui 
titi 

to 
the 
wa 

sin 
ab 

no 
we 
fro 
the 
suc 
act 
arg 
jus 
COs 
col 
itse 
led 
mi 
tio 

in 


ni- | 


are left with a number of alternatives between 
which there is no means of choosing the right 
one. The result is that if we make one choice 
the universe is not expanding but has re- 
mained in its present state eternally, and if 
we make another the whole process started 
some two thousand million years ago. Milne 
is therefore forced to conclude that the ques- 
tion whether the universe was created a 
finite time ago or has existed from eternity is 
a pseudo-question, which has no meaning in 
fact but is a characteristic only of our way of 
looking at things. Since the relative motion 
of bodies in the actual world can actually 
produce physical effects and cannot therefore 
be legitimately transformed away by mathe- 


matics, I cannot find any satisfaction in this . 


treatment of the problem. 

So far as I can see, the hypothesis of con- 
tinuous creation of matter is the only one that 
allows us to admit a one-way direction in cos- 
mical processes without demanding a special 
act of creation or its equivalent at an 
arbitrarily selected moment of time. If it in 
fact occurs, the universe may have existed 
eternally, and have been doing something 
‘ purposive,’ to speak metaphorically, all the 
time. We must, however, understand what 
this involves. It exempts us from having to 
postulate a single initial miracle on condition 
that we admit a continuous series of miracles. 
For we must not allow the fact that this hypo- 
thesis has been reached by a most seeming- 
virtuous analysis of scientific measurements to 
obscure the undeniable fact that it is a mere 
Deus ex machina without support from any- 
thing we know by observation or by implica- 
tion from other lines of research. Jordan’s 
argument for it is based ultimately on a mere 
guess that because certain measured quan- 
tities now bear approximately a simple ratio 
to what appears to be the age of the universe, 
their values must change with time so as al- 
ways to do so, though we can see no reason 
why they should. It is as though, given a 
single day in which to find out what we can 
about human physical relations, we should 
notice that on that day the ratio of a man’s 
weight to that of his son was not very different 
from twice the ratio of their ages, and should 
thereupon conclude that they must grow in 
such a way that this relation shall hold ex- 
actly at every moment of their lives. Hoyle’s 
argument has not even this basis ; its sole 
Justification is the alleged failure of all other 
cosmogonies. And, whichever hypothesis of 
continuous creation we choose, the process 
itself, at least in the present state of know- 
ledge, cannot be regarded as other than a 
miracle. We cannot even guess the condi- 
tions necessary to give rise to it or connect it 
in any way with any process that we do know. 

€ matter is supposed just to appear. 
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Jordan, it is true, provides the raw energy for 
it, but this also is purely hypothetical, and 
how gravitational energy can change into 
material atoms is beyond conjecture. Such 
a magic transformation in the observable 
world of science has not been admitted since 
the alchemists proposed to change lead into 
gold by means of the philosopher’s stone. The 
new hypothesis is, in fact, precisely similar 
to that, except that the philosopher’s stone 
has been forgotten and in Hoyle’s version, the 
lead as well. 

I do not want to give the impression that I 
am in any way inappreciative of the achieve- 
ments of these pioneers in cosmogony. They 
are working in a field where the utmost we 
can know at present is but a minute fraction 
of what there is to be known, and without 
abnormal boldness of imagination there is 
little chance of adding to our knowledge. 
But it is important, I think, that those who 
look from the outside on the course of scien- 
tific progress, and have learned from ex- 
perience to believe in the caution and exacti- 
tude of scientific pronouncements, should 
learn also that those pronouncements have not 
all the same degree of trustworthiness. When 
the necessary data are available the scientist 
can indeed be relied upon to weigh their 
implications and state with precision what we 
may regard as true and what as false; but 
when, at the limits of knowledge, he is feeling 
his way towards the unknown, we must not 
look upon his conceptions as anything other 
than instruments for pushing a little further 
back the veil of ignorance. No one, I think, 
who has even a slight knowledge of the history 
of science can believe that the present pictures 
which we form of the course of development 
of the universe are in the least like the truth, 
if by ‘ truth’ we mean a picture that will 
remain substantially unchanged as knowledge 
grows from more to more. Our conception 
of the universe in a hundred years’ time is 
likely to be as different from that of the pre- 
sent day as that is from the ideas of Lockyer. 
The philosopher or theologian who builds 
his system on the models of the universe that 
we now construct is building on a foundation 
of sand. 

What, then, it may be asked, is the use of 
attacking a problem so far beyond our 
strength ? Why not restrict our labours to 
the exact knowledge that our laboratory ex- 
periments yield us, and let the larger prob- 
lems await the better equipment ? Each one 
must answer this for himself, but for my part I 
regard the legitimate function of cosmology in 
science as that of a touchstone to which we 
can bring the laws and generalisations which 
our most exact measurements suggest to us, 
and see if they hold good on the large scale. 
Cosmology is the ‘ open road’ of science. 
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You remember Whitman’s Song of the Open 
Road : 


Now I re-examine philosophies and reli- 
gions, 

They may prove well in lecture-rooms, 
yet not prove at all under the spacious 
clouds and along the landscape and 
flowing currents. 


What the open road is to philosophies and 
religions, the universe is to scientific laws. 
Newton’s inverse square law proved well in 
the solar system, but it did not prove at all 
among the receding stellar systems. Euclid’s 
geometry proved well in the survey of Great 
Britain, but it did not prove at all in the sur- 
vey of the remotest spaces. Just as Kant 
tested ethical principles by asking if they 
could be universalised, so science can test an 
empirical law by applying it to the cosmos. 
Scientific generalisation begins at home, but 
it must be all-comprehending before it can 
be finally regarded as the truth. 

I think it is a distinctive feature of genuine 
scientific investigation that it begins with the 
simplest and most indubitable of our experi- 
ences and gradually extends outwards to the 
whole, but the temptation to take the oppo- 
site course is one that more and more besets 
the man of science as the scope of his vision 
is enlarged. The seduction of ‘ universal 
principles,’ accepted independently of ex- 
perience because of their attraction for certain 
types of mind, and then forced on experience, 
is a danger against which we cannot protect 


ourselves too carefully. ‘ Nature abhors a 
vacuum,’ ‘The universe is homogeneous,’ 
‘ Nature works always in the simplest way,’ 
‘ Everything generates its contrary, by identi- 
fication with which it advances to a higher 
synthesis "—these and a score of others like 
them have been or still are accepted a priori 
and then forced on phenomena. The uni- 
verse, instead of being a touchstone, becomes 
a mould, fashioned first of all to the investi- 
gator’s liking and then used to give a false 
form to the things of experience. Universal 
principles should be the goal, not the starting- 
point of science. We must not presume to 
know the whole before we know the part. 
But whatever may be the scientific justi- 
fication for studying the universe, the reason 
why we do it is ultimately psychological. We 
cannot help ourselves ; cosmology is its own 
justification. To any but the dullest mind 
the universe throws out a challenge. How 
did things begin? ‘To what are they tend- 
ing? How will they end? We know we 
cannot give the final answer, but we seek to 
give the best answer we can. And in that 
effort we find the necessary complement to the 
restrictive discipline of the laboratory, and 
purge our emotions through wonder and awe. 


To see nothing anywhere but what you may 
reach it and pass it, 

To conceive no time, however distant, but 
what you may reach it and pass it. 


That was how Whitman travelled his open 
road : that is how the astronomer travels his. 
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THE NITROGEN CYCLE IN NATURE 


EDITED BY 
Proressor G. R. CLEMO, F.R.S. anp Dr. G. A. SWAN. 


On September 2, 1949, at the British Association Meeting in Newcastle, a discussion was held 
by Section B (Chemistry) on ‘ The Nitrogen Cycle in Nature.’ Prof. G. R. Clemo, F.R.S., in 
introducing the discussion, gave a general survey of the great importance of the nitrogen 
cycle in Nature, which ensures that, unlike other natural resources generally, our vast reserves 
of atmospheric nitrogen are never likely to become exhausted. Among the many groups of 
naturally occurring nitrogenous substances, he made special mention of chloromycetin, the 
first organic nitro compound to be discovered in Nature and containing the fundamental 


C,C, unit characteristic of many plant products. 

Robinson’s earlier ideas on the biogenesis of alkaloids have recently been followed up, 
leading to new ideas on the structure of emetine and to the synthesis under physiological con- 
ditions of sparteine by Anet, Hughes and Ritchie of Sydney. Prof. Clemo also made reference 
to possible future developments, including work on bee venom which is stated to contain a 
specific protein or proteins, and many other problems. 


Pror. A. I. VIRTANEN 

Pror. A. I. VIRTANEN gave an account of the 
work being carried out at Helsinki by himself 
and his collaborators on the utilisation of the 
nitrate ion by plants and its relation to the 
assimilation of the ammonium ion and mole- 
cular nitrogen. He began by posing the 
question: ‘How can the micro-organism 
and green plant utilise both nitrate, the high- 
est oxidation product of nitrogen, and am- 
monia, the fully reduced nitrogen com- 
pound ?’ In the case of certain organisms, 
the problem also involves the utilisation of 
molecular nitrogen which is fundamental to 
the existence of all living nature. The mech- 
anisms of nitrate reduction and of molecular 
nitrogen fixation have consequently been an 
object of great interest. In the course of years 
extensive material has been accumulated in 
the light of which it may be attempted to 
draw conclusions and to establish a generally 
valid theory. Unfortunately there are still 
wide gaps in our knowledge and, moreover, 
a number of contradictory observations 
which are difficult to interpret by a general 
theory. 

The first question is whether the same in- 
organic nitrogen compound participates in 
the synthesis of amino-acids irrespective of 
whether nitrate, ammonium or molecular 
nitrogen serves as the nitrogen nutritive of 
the organism. The hypothesis rather gener- 
ally accepted by the earlier investigators since 
the end of the last century was that nitrate as 
well as molecular nitrogen is reduced to am- 
monia, this being accordingly a central nitro- 
gen compound in the amino-acid synthesis, 
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but the validity of this hypothesis was doubted 
very early. Meyer and Schulze introduced 
as long ago as 1884 the idea that hydroxyl- 
amine is the nitrogen compound which 
arises from ammonia and reacts with organic 
compounds. Later, the observations by Blom 
and Endres on the formation of hydroxyl- 
amine or oxime nitrogen in cultures of Azoto- 
bacter, using nitrate or molecular nitrogen, as 
well as the findings of Virtanen and his colla- 
borators on the formation of oxime nitrogen 
in the leguminous root nodules during nitro- 
gen fixation and in green plants grown on 
nitrate nitrogen led again to the hydroxyl- 
amine hypothesis. Chemically the amino- 
acid synthesis from hydroxylamine could be 
explained as a reduction of oximes resulting 
from the reaction between hydroxylamine 
and «-keto acids. 

There is no doubt that the oxime group is 
formed when certain organisms reduce nitrate 
and when aerobic nitrogen fixers assimilate 
molecular nitrogen. Virtanen and Csaky 
noted that bacterial masses suspended in 
nitrate solution under strong aeration pro- 
duce considerable amounts of oxime nitrogen. 
In the case of Torula yeast the maximum 
oxime nitrogen is attained within 10-15 min- 
utes, and then diminishes—the cells evidently 
utilise oxime nitrogen since its amount de- 
creases during the experiment. But these 
findings do not give conclusive evidence of 
the significance of oxime nitrogen nor explain 
its mode of formation because oxime nitrogen 
is produced also from ammonium nitrogen 
by the action of many aerobic micro-organ- 
isms. This has been demonstrated both with 
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moulds and Azotobacter. Aerobic micro- 
organisms as well as the higher plants are able 
to oxidise ammonia, thus in every case oxime 
nitrogen may arise only after ammonia form- 
ation. Should the course of reaction be such, 
the oxime formations noted in the biological 
nitrogen fixation would be no proof for the 
formation of hydroxylamine as an inter- 
mediate. Virtanen and Jarvinen have there- 
fore recently examined the formation of 
oxime nitrogen in Azotobacter vinelandii and 
shown, in comparable experiments, that it 
arises more rapidly from molecular nitrogen 
and from nitrate (about 1-2 hours in each 
case to obtain a detectable amount of nitro- 
gen) than from ammonium nitrogen (3 
hours), although nitrogen was assimilated 
slightly more rapidly by the cells on ammon- 
ium nitrogen than when molecular nitrogen 
or nitrate were used. This result does not 
easily fit in the concept that oxime nitrogen 
arises in the nitrogen fixation and nitrate 
assimilation through the oxidation of ammo- 
nia. Since, according to Wilson and collabo- 
rators, Azotobacter takes up ammonium nitro- 
gen immediately without any preparatory 
period, as is noted in the uptake of nitrate, 
oxime nitrogen should be expected to arise 
from ammonium nitrogen more rapidly than, 
or at least as rapidly as, from molecular and 
nitrate nitrogen if it were formed through 
oxidation of ammonia. The result obtained 
by Virtanen and Jarvinen suggests that 
nitrate is not, at any rate entirely, reduced to 
ammonia, but that hydroxylamine preced- 
ing it forms oximes with carbonyl compounds. 
This reaction may be quantitatively unim- 
portant, but its existence cannot be denied. 
On the other hand, experiments by Wilson 
and Burris on the utilisation of nitrate by 
Azotobacter has revealed that nitrate is reduced 
to ammonia before it is assimilated by the 
cells. From the facts known so far we may 
roughly outline the chemical course of nitrate 
reduction as follows : 


NO,- 


N,O 
NH,OH + NH,+ 


At Helsinki, Rantanen has noted that cut 
pea plants which have been allowed to suck 
up nitrate from nitrate solution form am- 
monia in a short time. Reduction of nitrate 
to an appreciable extent to ammonia, even 
in green parts of plants which assimilate 
carbon dioxide, is thus very likely. 

In anaerobic nitrogen fixation by Clostri- 
dium Virtanen and Hakala failed to detect 
any traces of oxime nitrogen. The anaerobic 
nitrogen fixation is most likely to proceed via 


+ keto-acid 
—> g@-amino-acid 


reduction (cf. Wieland). 


onwards reduction of nitrate and fixation of 


molecular nitrogen would then follow the | 


same path. 
Anaerobic Aerobic 
NH=NH 2N 
NH,—NH, 2N+ Transfer of electron 
| | to O (Fe catalyst) 
NH, N, 


Transfer of electrons from nitrogen could 
probably proceed over hemin systems, as in 
respiration ; thus the inhibitory effect of 
carbon monoxide and nitrous oxide on the 
nitrogen fixation noted by Wilson and colla- 
borators could be easily understood. 

The postulation of these two different 
routes is not attractive but, at present, seems 
unavoidable. All the results so far obtained 
imply that all nitrogen sources produce 
chiefly ammonium nitrogen prior to amino- 
acid synthesis; but that hydroxylamine, 
which is found in nitrate reduction and in 
aerobic nitrogen fixation yields also small 
amounts of oxime nitrogen. Thus Hinshel- 
wood has recently examined the assimilation 
of nitrogen by #. Coli and introduced the 
hypothesis that before amino-acid synthesis 
ammonia is oxidised to a lower oxidation 
product possibly to hydroxylamine and that 
nitrate, on the other hand, is reduced to the 
same oxidation product. But in the light of 
the present research this idea cannot be con- 
sidered proved in the sense that ammonium 
ion is totally oxidised. 

Very little is known of the catalyst system 
concerned with the nitrate reduction. In 
green plants (Chlorella) Warburg and Negele 
noted that the nitrate reduction is HCN- 
sensitive. So it is generally also in micro- 
organisms, as noted, e.g. by Léffler, Stick- 
land, Green and Yamagata. Only Wirth and 
Nord observed that the nitrate reduction in 


Fusarium is not HCN-sensitive. Accordingly, f 


different organisms would have very different 
nitrate reducing systems. Judging from the 
HCN-sensitiveness Warburg assumed iron to 
be an essential factor in the nitrate-reducing 
enzyme. Burstrém, again, replaced iron with 
manganese. In this respect clarity has not 
yet been attained. Molybdenum, too, seems 
to be involved in the nitrate-reducing system 
and also in the nitrogen fixation system. 
Finally, Prof. Virtanen dealt with his work 
on the effect of reducing substances on the 
utilisation of nitrate by green plants. About 


fifteen years ago, with S. v. Hausen, he began | 
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In the aerobic j 
nitrogen fixation a primary oxidation of | 
nitrogen is possible. From the (NOH), stage | 
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an investigation of the effect of the removal of 
cotyledons on the growth of pea plants. It 
was shown that if the cotyledons were re- 
moved a few days after the start of germina- 
tion the séedling did not grow much in 
sterile nutrient solution. If ascorbic acid was 
added to the nutrient solution into which the 
seedling was transferred, growth started and 
the pea developed until the flowering stage. 
In all these experiments nitrate was used for 
the nitrogen nutrition. Since in the pea seeds 
ascorbic acid is formed chiefly in the cotyle- 
dons and in the first days the embryo con- 
tains only a small portion of the total amount 
of ascorbic acid, it seems evident that the 
cause for the poor growth of the isolated 
embryos that were not given ascorbic acid 
was just the removal of ascorbic acid with the 
cotyledons. 

After the war work was renewed starting 
with the idea that the effect of ascorbic acid 
would in some way affect the nitrate reduc- 
tion. In the experiments carried out with 
Saubert von Hausen it was disclosed that 
while ammonium nitrogen served as the 
source of nitrogen the isolated seedling grew 
without any addition of ascorbic acid. In the 
best cases plants developed to quite normal 
ones both qualitatively and quantitatively. 
The addition of ascorbic acid already re- 
tarded the growth in nutrient solutions con- 
taining nitrogen. That the effect (for growth 
on nitrate) is not specific for ascorbic acid but 
is, in fact, brought about by other reducing 
substances (for example, sodium sulphide, 
cysteine, glutathione, reductone) has also 
been demonstrated. Although Karrer has 
shown that ascorbic acid will reduce nitrite 
to NO, this requires boiling or acid solution 
and is unlikely to occur in the plant cell at 
pH 6, and, moreover, no accumulation of 
nitrite has been observed in the cotyledonless 
plants. Thus the effect of these substances is 
not based on their ability to reduce nitrate, 
but is associated with the function of the 
hitrate-reducing enzyme system. 


Dr. G. R. TrRIsTRAM 


Dr. G. R. TRisTRAM then dealt with the work 
of Chibnall, Vickery and other workers on 
the amino-acid/protein aspect of the nitrogen 
cycle. Within the main nitrogen cycle there 
is another cycle involving a turnover between 
protein, amino-acid and ammonia, and it is 
important to realise that this cycle does not 
Operate merely as more protein is required, 
but that there is continuous elaboration and 
breakdown of protein. The problem dis- 
cussed was the mechanism by which nitrogen 
and various carbon skeletons are united with 
the ultimate formation of protein. 

Whether or not the amino-acids are the 
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actual intermediates in the synthesis of pro- 
tein, it is now well established that the di- 
carboxylic amino-acids, glutamic and as- 
partic acids, and their respective amides, are 
the key compounds in its elaboration, not 
only as a ready source of amino-groups, but 
also, in the case of glutamic acid, as a source 
of a carbon skeleton. Dr. Tristram stressed 
the interconversion of carbon skeletons as a 
mechanism for the synthesis of amino-acids, 
as well as merely the donation of amino- 
groups on to a carbon skeleton from another 
source. In addition, both the amino-acids 
and alanine provide a connexion with carbo- 
hydrate metabolism. That glutamic acid is 
the first product synthesised in the assimila- 
tion of ammonia or nitrate was shown by 
Burris and Wilson by experiments in which 
NH, was fed to certain micro-organisms. 
Amino-acids may arise in a number of differ- 
ent ways, for example, by the amination of 
carbonyl compounds (for example, keto-acids) 
with ammonia or hydroxylamine, by the 
addition of ammonia to unsaturated acids, 
such as fumaric acid, or by transamination, 
in which case the amino-group is transferred 
from an amino-dicarboxylic acid to a keto- 
acid. The latter was originally thought to be 
a general reaction involving glutamic acid 
and the keto analogue of any amino-acid. It 
is now known that it is relatively restricted as 
a fast reaction involving glutamic acid, oxal- 
acetic acid and pyruvic acid. Glutamic acid, 
plus ammonia, is converted into its amide 
with the aid of adenosine triphosphate. 
There is no evidence to show that glutamic- 
acid and asparagine are synthesised by glut- 
aminase and asparaginase working in reverse. 
The mechanism of asparagine synthesis is not 
known. 

One role of the amidases is to store, in non- 
toxic form, the ammonia which is liberated 
on protein breakdown, and thus to conserve 
nitrogen. One fact which emerges from the 
vast amount of work on amide synthesis in 
plant tissue is that glutamine is always present, 
although sometimes in very small amount, 
whereas asparagine may be completely 
absent. This may mean that glutamine is 
more important as an intermediary than is 
asparagine, which would function merely as 
a store of amino-groups. 

The fact that the keto analogues of certain 
of the so-called essential amino-acids are 
effective for growth in animals suggests that 
their carbon skeletons might be the parts of 
the molecule which cannot be synthesised. 
Using an analogy from animal work, Chib- 
nall put forward the view that these carbon 
skeletons might well arise from the organic 
acids, some of which take part in the Krebs 
cycle, suggesting a close link with carbo- 
hydrate metabolism. Nevertheless, the origin 
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of the carbon skeletons of valine, leucine, 1so- 
leucine, tyrosine and phenylalanine is still to 
be explained. 

As to the mode of protein synthesis, many 
theories have been advanced. Although pro- 
tein syntheses may well involve the prelimi- 
nary formation of amino-acids followed by 
their condensation into peptide-linkages, there 
is no conclusive evidence that protein syn- 
thesis is, in fact, the reverse of proteolysis. 
Dr. Tristram then outlined the theories of 
du Vigneaud, Lindestrom-Lang and Berg- 
mann and Fruton, and pointed out that they 
lacked experimental evidence to support 
them. He suggested that it is possible that 
there are several different mechanisms for 
peptide formation of the various amino-acids 
(for example, lysine in animals must be fed 
as such, but methionine can be fed as the 
keto-analogue). 

Consequently it is possible that peptide 
synthesis, involving methionine keto-acid 
may be different from a synthesis involving 
lysine. Dr. Tristram pointed out the view of 
himself and Mr. Hird that it may be possible 
that the keto analogue is aminated and 
coupled in a single stage to form a peptide 
linkage with the aid of labile amino-donating 
group and phosphate energy. This could 
account for the amination of amino-acids 
which do not appear to participate in trans- 
amination. 


Pror. J. H. Quastet, F.R.S. 


In the succeeding paper, Prof. J. H. Quastel, 
F.R.S., dealt with the main findings dis- 
covered in an investigation of the meta- 
bolism of organic nitrogen compounds in soil, 
with particular reference to the breakdown of 
amino-acids and certain allied substances. 
They throw light on the problem of the inter- 
ference of organic matter with soil nitrifica- 
tion and on the chemical nature of a number 
of molecules that appear specifically to affect 
ammonium metabolism. They also point to 
the presence in soil of a class of organisms that 
can convert certain organic nitrogen com- 
pounds directly into nitrates. The method of 
investigation used was the simple and elegant 
soil perfusion technique of Lees and Quastel, 
as modified by Audu. 

The work of Lees and Quastel had already 
shown that when nitrification takes place in 
a soil, the nitrifying organisms develop largely 
on the surfaces of the soil crumbs. The per- 
fusion of an air-dried soil eventually leads to 
a ‘saturated ’ or ‘ enriched’ soil, which brings 
about a relatively rapid nitrification at a con- 
stant rate during subsequent perfusion of the 
soil with ammonium chloride. The soil, in 
fact, behaves like an enzyme system, no pro- 
liferation of the relevant organisms taking 
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place except presumably to replace the dead 
cells. However, a saturated soil that nitrifies 
an ammonium salt at a constant rate and 
shows no initial lag period will not nitrify 
organic nitrogen compounds such as methyl- 
amine, trimethylamine and glycine, at con- 
stant rates. A lag period occurs, showing that 
organisms must first develop that can convert 
these compounds into free ammonia which is 
afterwards nitrified. On the other hand, it 
was found that nitrification of pyruvic oxime 
shows little or no lag, and it seemed possible 
that this molecule may play a significant part 
in the process of nitrification. 

If the conversion of glycine into nitrate by 
soil bacteria always requires the intermediate 
production of the ammonium ion, it follows 
that the rate of nitrification of glycine should 
never exceed that of ammonium chloride, 
under identical experimental conditions and 
for equal quantities of nitrogen. Experiment, 
however, shows that this is not always the 
case. Thus with a soil of pH 6-5 the rate of 
nitrification of glycine exceeds that of am- 
monium chloride and that such a soil on per- 
fusion with glycine may become enriched 
with nitrifying organisms while the same soil 
perfused with an equivalent solution of am- 
monium chloride fails to show such an en- 
richment. A neutral or slightly alkaline soil, 
on the other hand, favours the nitrification 
of ammonium chloride rather than that of 
glycine, while a distinctly acid soil (pH 4-5) 
fails to nitrify either molecule satisfactorily. 

The phenomenon whereby a slightly acid 
soil (and many agricultural soils are of this 
nature) brings about a preferential nitrifica- 
tion of an organic nitrogen compound such 
as glycine must, of course, be of importance 
in agricultural practice and should be con- 
sidered in connexion with fertiliser problems. 
The reason for this preferential nitrification 
of glycine rather than of ammonium chloride 
is not difficult to discover. 

When nitrification of one ammonium ion 
— place, two hydrogen ions are liberated, 
thus : 


Unless, therefore, the medium in which [| 


nitrification takes place is well buffered, the 


process must eventually cease on account of | 
the decreased pH. The optimum fH for | 


nitrification (in pure culture), as Meyerhof 
has shown, is pH 8. When glycine is nitrified 
the following is the end result : 


+NH,.CH,.CO,— +: 7(O) 2CO, +2H,O 
H+ + NO,~ 


In this case only one hydrogen ion is liberated 
per molecule of glycine apart from the pro 
duction of carbon dioxide, and hence the 
production of acidity will not be as great as 
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in the nitrification of an ammonium salt of a 
mineral acid. 

It follows, if this reasoning is correct, that 
the administration of sodium bicarbonate 
with ammonium chloride should serve to 
neutralise the acids found during nitrification 
and prevent any decrease in the rate of this 
process. The truth of this (of course, already 
well known in agricultural practice) is shown 
by the experimental results obtained. Simple 
admixture of the soil with calcium carbonate 
will convert a soil that poorly nitrifies am- 
monium chloride into a rapidly nitrifying 
soil which easily becomes saturated. Further 
experiment shows that admixture of the sub- 
strate with the sodium salts of organic acids 
such as acetic, pyruvic and succinic, has the 
same effect as admixture with sodium bicar- 
bonate ; that is, that of preventing too great 
an increase of acidity during nitrification due 
to the formation of sodium bicarbonate, and 
therefore of apparently stimulating nitrifica- 
tion of ammonium salts of mineral acids. It 
is evident that on slightly acid soils the salts 
of organic acids do not necessarily depress the 
rate of nitrification ; on the contrary, they 
may favour it. 

While the recovery of the nitrogen of the 
ammonium salt of a mineral acid as nitrate 
during the continuous perfusion through soil 
is very nearly 100 per cent., this is not the 
case with the nitrogen of «-amino-acids. Here 
the results obtained indicate that the recovery 


decreases with increase in the N ratio of the 


amino-acid. This conclusion is to be expected 
as the heterotrophic organisms proliferating 
at the expense of the amino-acid must use 
part of the nitrogen for their development. 
The greater the quantity of carbon available 
for proliferation purposes, the greater will 
be the quantity of nitrogen which will be 
used to support this proliferation. Hence the 
smaller will be the quantity of nitrogen which 
will be available as ammonia for the disposal 
of the nitrifying organisms. This is an illus- 
tration of the well-known fact that the pre- 
sence of assimilable carbon in the soil dimin- 
ishes the availability of ammonia or nitrate 
nitrogen to the plant. 

The rates of nitrate formation from such 
amino-acids as glycine, alanine and glutamic- 
acid on continuous perfusion through a well- 
buffered garden soil (pH 7-2) do not differ 
markedly from that from ammonium chloride 
when used at equivalent concentrations. 
This would indicate that in spite of the devel- 
opment of heterotrophic organisms which 
capture part of the available nitrogen, suffi- 
cient ammonia is produced to encourage the 
proliferation of nitrifying organisms at nearly 
optimal rates. Such a result proves that, 
under soil conditions, the presence of organic 
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matter, in the form of the simple amino-acids 
quoted, is no hindrance to the process of nitri- 
fication. The initial lag periods in the course 
of nitrification of the three amino-acids are 
of the same order as that of ammonia itself. 

An entirely different picture presents itself 
when dl-methionine is studied. It suffers no 
nitrification even after fourteen days con- 
tinuous perfusion. This amino-acid has a 
highly inhibitory effect on the nitrification of 
ammonium ions in soil. In an experiment in 
which the rate of ammonium ion conversion 
into nitrite, during soil perfusion, was investi- 
gated by means of the addition of 0-001 M. 
potassium chlorate, which prevents the devel- 
opment of Nitrobacter, it was found that dl- 
methionine (0-005 M.) greatly retards the 
rate of nitrite formation from ammonia or 
glycine. It is evident that dl-methionine 
represents an organic molecule having a 
highly inhibitory effect on the ammonia meta- 
bolism of Nitrosomonas. ‘The mechanism of this 
inhibition awaits further investigation. 

Further work has shown that thiourea 
exerts an even more profound inhibitory 
effect than dl-methionine on the nitrification 
of ammonia in soil—thus a concentration of 
0-00033 M. will entirely prevent the nitrifi- 
cation of ammonium chloride even after a 
lapse of sixteen days. No indications have 
been obtained as yet that the urea itself will 
undergo nitrification or will permit this pro- 
cess to take place in its presence. 

The presence of «-amino-acids tends to 
retard the rate of disappearance of admixed 
nitrite (0-01 M.), when continuously per- 
fused through soil. The retardation by gly- 
cine, alanine or sodium glutamate is not large 
and may perhaps be explained on the grounds 
that the amino acids themselves give rise to 
sufficient nitrite, as an intermediate in their 
oxidation, to maintain the initial nitrite level 
for some time. Cysteine produces a greater 
retardation, but d/-methionine again evinces 
a highly inhibitory effect on this aspect of 
nitrification. Eventually, after about ten 
days, nitrite metabolism takes place even in 
the presence of dl-methionine which, itself, 
has not yet suffered decomposition. It would 
follow that the nitrite-oxidising organisms 
may adapt themselves to the inhibitory action 
of the methionine. This phenomenon of the 
adaptation of nitrite-oxidising organisms to a 
variety of toxic substances is being actively 
examined. 

As shown by Meyerhof working with pure 
cultures of nitrifying organisms, and by Lees 
and Quastel in investigating the process of 
nitrification in soil, ethyl urethane inhibits 
the conversion of ammonium ion into nitrate. 
This phenomenon takes place with an en- 
riched soil ; so it would appear that urethane 
is acting as a poison to ammonia metabolism. 
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The inhibition lasts for about twenty days 
and thereafter nitrification proceeds normally, 
except that the nitrate nitrogen recovered 
accounts for 80 per cent. of the total nitrogen 
of the ammonium chloride in the urethane. 
This indication that urethane may itself be 
metabolised by soil organisms has been in- 
vestigated further, and some evidence has 
been obtained concerning the method of 
metabolism. Lees and Quastel have shown 
the effect of ethyl urethane to be reversible, 
and it is therefore possible that the action is 
due to competitive inhibition of ammonia 
metabolism. 

It is interesting to note that both ethyl 
urethane and thiourea, which exert such a 
profound effect at low concentrations on 
ammonic metabolism of nitrifying cells, are 
now known to be carcinogens. The mode of 
action of these substances in the body is quite 
unknown, but the question arises as to whether 
it is possible that they may be acting by affect- 
ing some phase of ammonia metabolism in 
animal tissue. 

Soils which have been enriched or saturated 
with organisms attacking certain substrates 
may be conveniently investigated by the con- 
ventional Warburg manometric techniques. 
It has been possible to show that ammonium 
salts, and nitrite, take up the expected quan- 
tity of oxygen for conversion to nitrate, using 
the appropriate washed enriched soils as the 
catalytic agents. The same technique allows 
the effect of poisons on the enzyme systems of 
enriched soils to be explored quantitatively. 
The rate of oxygen uptake by an enriched 
soil in the presence of the substrate used for 
enriching the soil with the organisms which 
metabolise it is usually constant, and the 
effect of an inhibitor can be assessed with 
some accuracy. 

But the presence of a number of organic 
molecules such as pyruvate does not influence 
the rate of nitrite oxidation by the nitrifying 
organisms. The rates of extra oxygen are 
additive, or nearly so, in enriched soils. 

These results prove that organic matter 
per se does not influence the metabolism of 
nitrite by the nitrifying organisms. 

Manometric experiments have proved to 
be of great value not only in assessing the 
activities of enriched soils or in studying the 
effects of substrates or of poisons in soil pro- 
cess, but also in investigating the nature of 
the catalytic systems or enzymes in the organ- 
isms that enrich the soil. 

Pyruvic oxime, as shown by Lees and 
Quastel, undergoes rapid nitrification in soil 
during continuous perfusion. It was thought 
by these authors that this molecule might be 
intermediate in the process of ammonia con- 
version into nitrate during soil nitrification. 
This, however, is not the case, since further 
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studies—both perfusion and manometric— 
have shown : 


(a) that ethyl urethane and methionine, 
which inhibit nitrification of ammonia 
in soil, have no inhibitory effects on the 
nitrification of pyruvic oxime ; potas- 
sium chlorate also has no action. 

that soils enriched with ammonia or 
nitrite-oxidising organisms cannot oxi- 
dise pyruvic oxime immediately though 
they oxidise ammonium ions or nitrite 
respectively. 

that soils enriched with organisms oxi- 
dising pyruvic oxime by continuous 
perfusion with it cannot oxidise am- 
monium ions. 


(b) 


(c) 


In conclusion, Prof. Quastel stated that 
these results point to the conclusion that soils 
contain organisms, presumably heterotrophic, 
that can bring about a speedy oxidation of 
pyruvic oxime to nitrite. Oxalacetic oxime 
will also undergo nitrification, but no other 
oxime yet studied has been found to have this 
property. Oximes of acetone, formaldehyde, 
aceto-acetic ester and benzoin have been 
tested and found inert. Moreover, they do 
not inhibit the nitrification of pyruvic oxime. 
The only substances yet found to inhibit the 
nitrification of pyruvic oxime in soil are 
sodium azide and sodium cyanide, both 
vigorous respiratory poisons. The organisms 
responsible have now been isolated. 

Whether or not pyruvic oxime is an inter- 
mediate in nitrogen metabolism of soil bac- 
teria is a matter for further investigation. It 
is clear, however, that the presence in soil of 
a group of organisms that can rapidly nitrify 
pyruvic oxime without the intervention of the 
autotroph Nitrosomonas points to the possi- 
bility that the process of nitrification in soil 
may not be wholly accomplished by the auto- 
trophic organisms and that the intervention 
of the heterotrophs bringing about a direct 
nitrification of organic nitrogen compounds 
may take place. 


Dr. E. J. Hewrtr 


THE concluding paper was read by Dr. E. J. 
Hewitt and was concerned with the import- 
ance of molybdenum in the nitrogen cycle— 
a subject already touched on by Prof. Virta- 
nen—which is being studied at Long Ashton. 
Molybdenum is of widespread significance in 
the plant kingdom; our knowledge of its 
importance as an essential factor in the nitro- 
gen cycle probably starts from the work of 
Bortels in Germany in 1930, showing that 
Azotobacter requires this element in order to fix 
and assimilate atmospheric nitrogen. These 
observations were confirmed by Burk, Horner 
and others in the United States. More re- 
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cently it has been shown that molybdenum is 
needed in certain circumstances by free and 
symbiotic nitrogen-fixing denitrifying 


organisms, by fungi and by representatives of 


at least ten families of higher plants. 

The amounts of molybdenum required by 
plants being minute even in comparison with 
other known micronutrients or trace elements 
such as boron, manganese, zinc or copper, it 
has been necessary to develop highly refined 
culture techniques and efficient methods for 
the removal of traces of molybdenum from 
culture materials. ‘The difficulty of the prob- 
lem may be judged by the fact that a solution 
containing one part of molybdenum in 10!° 
parts of water may support growth of some 
of the organisms considered here. 

By growing plants in sand cultures from 
which molybdenum was omitted important 
visual and biochemical effects have been pro- 
duced at Long Ashton. Brassica types especi- 
ally, and tomato and clovers seem to be parti- 
cularly susceptible. Molybdenum is tolerated 
by plants in relatively high concentration 
compared with the corresponding range for 
other micronutrients). Symptoms of excess, 
however, in Brassicae are similar to those pro- 
duced with excess of ammonium sulphate or 
urea when used as a source of nitrogen. 

Biochemical effects induced by varied 
molybdenum levels are interesting and must 
be considered in relation to the effects, also 
of manganese supply. A deficiency of either 
element may result in accumulation in the 
tissues of nitrate nitrogen which is not assimi- 
lated. ‘The inference is that molybdenum and 
manganese both play a part in the reactions 
that lead from nitrate to protein formation. 

By using two dimensional partition paper 
chromatography, the presence of free amino 
acids in the fresh tissues of Brassica foliage 
has been detected. It has been found by 
Hewitt, Jones and Williams that whereas 
molybdenum and manganese deficiencies 
have a similar effect on nitrate accumulation, 
these act in opposite ways on the concentration 
of free amino acids. Molybdenum deficiency 
is associated with low concentrations of the 
amino acids and increasing amounts of molyb- 


denum result in higher concentrations of 


amino acids such as alanine, arginine, aspar- 
tic acid, glutamic acid and proline, as well as 
of the acid amides asparagine and glutamine. 
Manganese deficiency on the other hand 
results in accumulation of many of these 
amino acids and excess of manganese Causes 
their depletion. The greatest contrast in 
amino acid content thus occurs between 
plants given high manganese and low molyb- 
denum and those given low manganese and 
high molybdenum. The possibility that the 
effects are due to an antagonism between 
manganese and molybdenum uptake is dis- 
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counted by experimental results. The simplest 
explanation is that molybdenum functions in 
a series of reactions leading from nitrate reduc- 
tion to amino acid formation and that man- 


ganese catalyses the further metabolism of 


these amino acids. Deficiency of either ele- 
ment, however, appears to slow down the 
reduction of nitrate. 

The need for molybdenum by higher plants 
supplied with nitrate nitrogen is shared by 
the fungus Aspergillus niger and according to 
Mulder and also Bortels, by Azotobacter, which 
thus requires molybdenum for two distinct 
aspects of nitrogen assimilation. However, it 
is evident that the importance of molybdenum 
may depend greatly upon the source of nitro- 
gen supply ; and apparently it is not needed 
at all (or at greatly reduced levels) when 
nitrogen is given as ammonia or urea. It is in- 
teresting to note that according to Bortels and 
Mulder Azotobacter has a much greater need 
for molybdenum when fixing atmospheric 
nitrogen than when utilising nitrate nitrogen. 

Soil fertility may be influenced by the 
availability of the molybdenum. This cle- 
ment is less available in acid soils, and such 
soils are frequently deficient in available 
nitrogen. Failures in 
subterranean clovers and other legumes in 
poor acid pastures of South Australia have 
been traced to unavailability of molybdenum 
for the root nodule organisms. Such pastures 
appear nitrogen deficient beneficial 
results are obtained by application either of 
large amounts of sodium nitrate or as little 
as a quarter of an ounce per acre of sodium 
molybdate. As clovers given nitrate nitrogen 
in culture experiments still require molyb- 
denum, it is evident that when given sodium 
nitrate in soil there is sufficient molybdenum 
for the requirements of the plant, although not 
enough for those of the root nodule bacteria. 
In spite of the differential effect on clovers, 
Brassica types may still suffer from molyb- 
denum deficiency in the field ; and the con- 
dition long known as ‘ whiptail’ in broccoli 
and cauliflower may be related to molyb- 
denum deficiency and has been reproduced 
experimentally in sand cultures by omitting 
molybdenum. Liming greatly increases the 
availability of molybdenum ; its effect may 
be on pH directly or on reducing the availa- 
bility of manganese. 

Molybdenum is thus important in three 
aspects of the nitrogen cycle, namely fixation, 
assimilation from nitrate and denitrification ; 
but in all a reduction process seems to be 
involved. 

Following the reading of the papers, a dis- 
cussion took place during the afternoon, 
which emphasised the very incomplete 
present-day state of knowledge of the chemi- 
cal reactions underlying the nitrogen cycle. 
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A PLEA FOR A MUSEUM OF ENGLISH LIFE 
AND TRADITIONS}? 


BY 
THOMAS W. BAGSHAWE 


Tue struggle for the establishment of an 
open-air museum in this country has been 
going on for many years. The first in the 


field was the late Dr. F. A. Bather who, in an 
_ appendix to his Presidential Address to the 


Museums Association, as long ago as 1903, 
gave a brief notice of the open-air museums in 
Sweden to stimulate interest in this country. 
Henry Balfour then took up the fight, fol- 
lowed by Robertson Scott (1910). In 1911 


_ Bather attacked again and continued to 


plead the cause up to the time of his death. 
In one of his appeals? he sums up the situation 
so aptly :— 


‘It is time for us to get rid of the idea that a 
museum is a place for the preservation only 
of that which is dead. It may be well to 
preserve objects because they represent a 
past that has utterly vanished—objects that 
may gratify a more or less intelligent curios- 
ity, but can never be of any practical use to 
human beings. But it is of more importance 


that a museum should preserve objects cap- 


able of yielding some lesson of use for our 
own time. And still more important is the 
preservation of arts, industries, and customs, 


which, from their truly national character, 


afford the firmest foundation for the national 
life of the future.’ 


In 1928 the late Sir Henry Miers, in his 
Report on the Public Museums of the British Isles 
to the Carnegie United Kingdom Trustees, 
called attention to the absence in this country 
of anything that could be called a folk 
museum.® He also drew attention to the 
complete absence of anything like an 
agricultural museum.’ Nothing has been 
done, so far as the latter is concerned, to 
remedy this serious deficiency. 

The Royal Commission on National 


Museums and Galleries, in its Final Report 
presented in 1929, also pointed out that at 


that time there was no Folk Museum in ex- 


F istence which illustrated the domestic life ofour 


1 Paper delivered to Section H (Anthropology and 


er) at the Newcastle Meeting on September 2, 


— Journal, Vol. 10, No. 9, March 1911, 


® Report, p. 42. 
* Report, p. 43. 
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people in the past, and that there was nothing 
in the British Isles in any way resembling the 
open-air museums of Scandinavia. 

The Commission recommended that there 
should certainly be one each of these open- 
air museums ultimately for England, Scot- 
land, Wales and Ireland. The report 
reads: ‘... of these the most urgent is that 
relating to England : it would constitute the 
first attempt at an English Museum. Houses, 
cottages, workrooms, etc., and many other 
illustrations of the life of the people are fast 
disappearing, and in a very few years it will 
be impossible to make such an Open-Air 
Museum.’ That was twenty years ago, yet 
only Wales and the Isle of Man have since 
achieved anything in a nationally-sponsored 
direction.® 

So far so good. But when the question of 
a site was dealt with, it was suggested that 
the Botanic Gardens in Regents Park would 
be suitable. Consideration of dust and bad 
atmosphere was ignored. A space of 5 acres 
was put forward in the evidence as being 
sufficient for a commencement, and 18 as a 
finality. 500, or better still, 600, acres would 
seem to be nearer the optimum figure.® 

In 1931 the Government set up a com- 
mittee with its terms of reference : ‘ To con- 
sider the recommendations of the Royal Com- 
mission on National Museums and Galleries 
that a National Folk Museum should be 
established if possible in London, and to ad- 
vise as to the practicability and cost of 
establishing such a Museum.’ A report was 
prepared but its promulgation was stopped 
in 1932. Hansard delivered its funeral 
oration in 1938. Perhaps it is just as well 
that nothing came of it. 

The Standing Commission on Museums 
and Galleries has also commented on the 
need for a Folk Museum in its Reports. In its 
Third Report, issued in 1948, after praising 
the pioneer work of the Welsh Folk Museum, 


5 See also Museums in Modern Life, Roy. Soc. Arts, 
1949, p.60. ‘ The Folk Museum,’ paper read by I. C. 
Peate before the Society, April 27, 1949. But it must 
not be overlooked that progress has been made in the 
starting of regional folk museums such as Blaise Castle 
House, near Bristol, and Am Fasgadh, the Highland 
Folk Museum at Kingussie. 

6 See note 11, p. 22. 
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it states : ‘ This Welsh initiative will be fol- 
lowed with the greatest interest and we hope 
that it will point the way to the similar 
museum for England which we have long 
advocated,’ and concludes with this sugges- 
tion : ‘ Meantime we think it desirable that 
plans should be laid for the collection of 
material to form the nucleus of a Folk 
Museum later.’ 

In June 1948, through the energy of Pro- 
fessor H. J. Fleure, there came into being the 
British Ethnography Committee of the Royal 
Anthropological Institute. This has under 
consideration ways of promoting the ethno- 
graphical study of Great Britain in the light 
of the present state of such studies in this 
country and abroad. It may be said of this 
Committee, which is under the chairman- 
ship of Professor Fleure, that it is fully repre- 
sentative of those interested in the study of 
British Folk Culture. There are unofficial 
representatives from the principal museums 
having Ethnographical Departments, as well 
as from the University Departments, in 
collaboration with colleagues in Scotland and 
Wales. It is a working committee in the 
true sense of the word. But it has no finan- 
cial backing, and if it is said of Hazelius 
that he started the Northern Museum with 
the help of a donation of £50, then it can be 
claimed by the British Ethnography Com- 
mittee that it started the English Museum 
with optimism only. ‘Started’ is used 
deliberately, because the Committee has been 
bold enough to bring a child into being with- 
out so much as a god-parent. 

In less than one year this Committee pub- 
lished the first results of its work in Man under 
the heading of ‘ A Scheme for the Develop- 
ment of a Museum of English Life and 
Traditions.’ 7 This was then reprinted in the 
form of a pamphlet,® which has been sent 
round to selected museums with a letter ask- 
ing Curators to preserve and store such 
duplicate material as they may acquire, so 
that it should be available for the use of the 
English Museum when this comes into proper 
being. The same Committee is nearing 
completion of its work on a booklet of Sug- 
gestions Concerning Classification, Storage and 
Labelling of Objects illustrating English Life and 
Traditions, compiled to help curators of col- 
lections coming within the scope of British 
Folk Culture. 

Realising that it was unlikely that the 
Government would embark on any am- 
bitious scheme at the present time, parti- 
cularly in view of the Standing Commission’s 


7 Man, Vol. XLIX, Article 49, April 1949, pp. 41-3. 

8 Published 1949 and obtainable free from the 
British Ethnography Committee, The Royal Anthro- 
pological Institute, 21 Bedford Square, London, 
W.C. 1. 


22 


recommendations as to precedence for work | 
in national museums, the Committee thought 
it wise to work out some long term policy, | 
To quote from the wording of the scheme? :— | 
* Obtaining of storage space in the rooms and 
outbuildings of some large house within easy | 
reach of London, and out of the smoky area, | 
to act as a temporary headquarters and | 
repository, and the raising of funds from | 
philanthropic sources and by public appeal, | 
are thought to be a first step towards a | 
solution of the problem. About five other 
houses or parts of houses spaced round Eng. | 
land would also be needed. These could be _ 
used as regional repositories and might 
ultimately become branches of the museum 
for regional exhibition purposes. In addition 
to saving expense on the transport of speci- 
mens they would serve to evoke local en- 
thusiasm for the project.’ 

As regards future policy it is considered 
that,!° ‘ For a period of between five and ten | 
years it might be necessary to confine the 
activities of the new museum organisation 
to the collection, preservation, recording and 
storage of objects in its temporary premises, 
As conditions became easier, some large! 
house of architectural and historic interest, 
within easy access of London, and with its! 
surrounding land (a minimum of 200 acres),!! 
might be made available or patriotically 
offered, as a permanent home for the 
Museum of English Life and Traditions, and 
its open-air section. Regional branches 
could be opened as the opportunity arose. | 
When this stage of its development has been } 
reached it is to be hoped that the whole 
scheme may have attained Governmental 
support.’ 

One can feel confident that once the Eng- 
lish Museum comes into being it will be sur- 
prising how soon its financial state wil 
improve and the receipts start pouring in| 
from entrance fees, catering profits and other | 
sources ofrevenue. It should be remembered | 
that Skansen folk park finances the Nordiska | 
Museum. But care must be taken that the 
folk park does not degenerate into an amuse- 
ment park. 

The success of the whole project wil) 
depend on co-operation from innumerable, 
sources, for only by this can the burden d| 
cost be spread. The various City Livery) 
Companies, together with the various trade 
associations and Unions, should be asked if| 
they will accept responsibility for the starting 
of their respective sections. And why should 
not the farmers, and the firms who owe theif 


® P. 7, para. 6. Temporary Accommodation. 

10 Pp. 7-8, para. 7. Future Policy. 

11 J would prefer to see a figure of 500 or 600 acres; 
this for the more economical farming of the ut 
developed and agricultural areas of the folk park. 
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livelihood to agriculture, finance the agricul- 
tural museum? The book publishers might 
be asked to help build up the library. 

In launching this scheme one is bound to 
be accused of trying to interfere with existing 
museums. There is no desire to do this, but 
‘to supplement their work by collecting to- 
gether objects of a size and type beyond the 
resources of the normal provincial museum, 
and by providing a centre for co-ordinating 
aims and methods.’!* The provincial 
museums tend only to collect the things 
which are easy to preserve ; one needs to go 
deeper than that. Critics of the scheme are 
inclined to doubt the advisability of a central 
museum as well as the regional ones. It 
should be pointed out, however, that the 
central museum is essential if the student is to 
have available, in a convenient form in gal- 
leries and reconstructions of villages, collec- 
tions sufficiently comprehensive to be of value 
to him for comparative purposes, without the 
necessity and inconvenience of touring all 
over the country in search of his material. 

So far we have dealt with the points which 
have appeared in the printed scheme. NowI 
would like to go a stage further, and give an 
idea of the scheme in its developed state as I 
visualise it. (See Plate p. 20.) 

The whole lay-out is dependent on an 
estate of some 500 or 600 acres, well con- 
toured, wooded, and as its central feature a 
large house in good state of repair, as well as 
having architectural charm and_ historic 
interest. This would form the core round 
which the manorial scene would be recon- 
structed. The house would become Ex- 
hibit No. 1 and would be provided with 
appropriate period furnishings and fittings. 
Its gardens would be formal. Rooms in the 
house would be used to house administrative 
officers, technicians, the library and stored 
material, pending the provision of the 
Museum Block, to be constructed as funds 
became available. 

If on the same estate as the manorial house 
there should already be a home farm, this 
would be a great advantage, in that the farm- 
ing of the estate could-be carried on from 
here, thus ensuring that the fields would be 
cultivated in the most productive agricultural 
manner. Farm implements representative of 
the area would also be displayed in farm 
buildings—in fact there should be a farm 
hear to each village for this same purpose of 
dealing with agricultural exhibits, parti- 
cularly the larger ones. 

Having established the centre of the open- 
air section of the museum, thoughts could 
then be turned towards the encircling of the 
property with adequate fencing screened by 
trees and the building of a perimeter road. 

12 Scheme, p. 4. 
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Whilst the main car parks would be near the 
main museum entrance, it should also be 
possible for visitors to pay an additional 
charge for using the perimeter road, leaving 
their cars at appropriate small parks while 
the occupants visit on foot the nearby village, 
farm and various objects of interest. 

Future development would be bound to 
take many years, dependent on finances, but 
there should eventually come a time when 
the museum should be able to speed its own 
development out of its own profits. And so 
we will examine each section in its turn, 
remembering that its development may not 
take place in this order, nor need it be as 
comprehensive. An odd cottage or two, a 
windmill or some other building, rescued 
from destruction and removed to its appro- 
priate position according to the plan, may be 
all that represents some district of England 
for a long time. Also it should not be 
imagined that because a church is indicated 
in every village, this would be the case in 
reality, for it might only be possible to 
arrange for one church to be removed and 
constructed, bearing in mind that the re- 
moval of a stone-built English church is a 
somewhat greater problem than dealing with 
a Scandinavian wooden one. 

The Museum Block, forming the main en- 
trance to the conventional museum, would 
need to be in sympathetic architectural har- 
mony with the adjoining landscape. It 
would have several-storied galleries to house 
the systematic collections concerned with 
English culture, as well as the small com- 
parative collections from the other parts of 
the British Isles and those covering the com- 
parative ethnology of all European peoples. 
In this same block would be the adminis- 
trative and technical quarters, libraries of 
books and photographs, lecture theatre, 
music room and cinema. 

In the same area of the Museum Block 
would lie the shops in which objects made by 
the craftsmen living and working in the 
various buildings scattered about the park 
would be offered for sale—turnery, basket- 
ware, rush-matting, pottery, blacksmithery, 
leather work, hurdles, carts and so on. 
Nearby, too, would be the restaurant and 
open-air theatre. The former would need a 
very able catering manager in charge, for a 
well run restaurant and catering department 
should be a profit-making concern for the 
museum ; it is so at Skansen, Bygdéy and 
Aarhus. In this same area there should also 
be some ‘ park ’ for children where they could 
be looked after while their parents visit the 
various buildings. 

In the lay-out of the English Museum care 
should be taken to make it an all-the-year- 
round place of interest to visitors, where there 
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is as much to interest the visitor on a bad 
weather day as on a fine one. The certainty 
of knowing that there would be something to 
see or do at the English Museum when the 
weather is unsettled would settle the fate of 
many a projected trip. 

Returning to the centre of the park—the 
Manor House—there should be gradually 
built up a small Market Town which we will 
call the ‘ South East Midland Market Town.’ 
Here could be reconstructed shops on the 
Aarhus ‘Old Town’ principle, as well as 
thatched and tiled cottages and small town 
houses, grouped round a ‘ Green’ with pound, 
lock-up, market cross and other features. 
The toll-house should not be forgotten and 
there should also be a windmill. It should 
even be possible to provide a small church in 
which could be displayed much neglected ob- 
jects of ecclesiastical interest such as grave- 
boards and grave-stones. 

To the East of the Market Town lies the 
East Anglian Village with its typical cottages, 
windmill and outlying farm. If a stream 
should lie between this village and the North 
Country Village, or any other pair of villages 
for that matter, so much the better, for it 
would make a natural break, as also would 
trees between villages. This stream could 
be used to accommodate a boat or barge- 
builder’s yard, to illustrate bridge construc- 
tion or the working of water-mills. 

The North Country Village of the moor- 
land type would indicate its character by the 
presence of stone walls in place of the hedges 
of East Anglia. The characteristic feature of 


the North West Midland Village would be | 
half-timbered cottages with a change back ; 
to hedges. The stone walls would appear 
once more in the West Country Village, 
with its houses built of the same material, 
to change again to hedges round the South 
Country Town and its farm with Oast 
Houses. 

The Scandinavians and others have anti- 
cipated us with their Folk Parks, but what 
have they better than we have apart from a 
greater quantity of painted woodwork and a } 
flair for showmanship? Surely we have a 
far greater wealth of material. Our tradi- 
tions are the greatest in the world, and our 
artisans have always been the most skilled. 
We spend vast sums in trying to teach others 
the English way of life ; here is the chance to 
really show it. 

If someone attempts to invade our country | 
we fight with all our strength and resources 
to prevent it. Ifa famous picture or a rare 
book comes into the market at some fabulous | 
figure, we can raise the money to buy it. And | 
yet we complacently watch destruction of our | 
priceless possessions going on around us 
every day in our normal life. Does this mean 
that we are too modest to wish to glorify this | 
country of ours ? 

There is surely somewhere in England a | 
lover of England who will, out of this love, 
give for the use of the Museum of English 
Life and Traditions a mansion of achitectural 
merit and historic interest, together with its | 
surrounding acres. Do please help us to | 
find that English man or woman. 
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THE CONCEPT OF NATURE, FROM COPERNICUS 
TO NEWTON? 


BY 


Sir EDMUND WHITTAKER, F.R.S. 


Tue rapid increase of scientific knowledge, 
which is the distinguishing feature of the 
modern age, began in the latter half of the 
sixteenth and the first half of the seventeenth 
centuries. Within this period, which extends 
from the publication of the Copernican 
theory of the universe to the birth of Newton, 
there are four outstanding names: those of 
Tycho Brahe, Kepler, Galileo, and Descartes. 
Each of them contributed a characteristic 
feature to the movement, and it is from the 
fusion of their ideas that the power and fer- 
tility of modern science has been derived. 
The work of Tycho, a Dane who lived from 
1546 to 1601, was to create the practice of 
accurate astronomical observation. Not only 
was astronomy, in its Babylonian stage, the 
oldest branch of valid natural knowledge ; it 
was also the first of the sciences to enter on 
the new phase of precise measurement. The 
standards of accuracy introduced by Tycho 
soon led to unexpected consequences. When 
he was in his 26th year, a star of extraordinary 
luminosity, brighter than Venus, appeared at 
a place in the constellation Cassiopea where 
no star had been known to exist before ; 
doubtless it was what would now be called a 
supernova. With his new instruments, he 
made a series of measurements of its angular 
distance from neighbouring stars, and found 
that these were perfectly constant in time ; 
no trace of a variable displacement, such as 
would be expected if the star were, say, at 
the same distance from the earth as the moon, 
could be found. It was therefore evident that 
the new star must be much more remote 
from us than the moon; and since it did not 
move about in the sky as the planets did, it 
could not be a planet ; so it must belong to 
the sphere of the fixed stars. But such a con- 
clusion was altogether incompatible with the 
medieval conception of the universe ; for 
the men of the Middle Ages, following 
Aristotle, believed that there was a radical 
difference in kind between the heavenly 
bodies on the one hand, and terrestrial objects 
on the other; the former were changeless, 
uncompounded, and eternal, moving in 
circular paths, while the latter were corrupt- 


’ A lecture to the British Association Dundee Trust, 
February 2, 1950. 
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ible, synthetic, transient, and moved natur- 
ally in straight lines. Tycho’s supernova, 
which was definitely a celestial body, and 
yet was evidently subject to change, made the 
first breach in this doctrine, and so began a 
process which led ultimately to the knowledge 
that the heavenly bodies are formed of the 
same chemical elements as the earth. 

Tycho’s assistant and successor, Kepler, 
who lived from 1571 to 1630, was the first 
modern man to revive the Pythagorean doc- 
trine that mathematics is the key to the 
understanding of the physical creation. He 
showed that the complicated system of epi- 
cycles, by which the planetary motions had 
up to that time been represented, could be 
replaced by a much simpler description : 
namely, that the planets move round the sun 
in ellipses, whose planes pass through the 
sun, and which have the sun in one focus. 
The fact that the earth’s orbit was exactly 
like those of the planets led irresistably to the 
conclusion that it did not differ in character 
from them, and so provided a fresh argument 
for the discredit of medieval conceptions. 

Galileo, who was contemporary with 
Kepler, was the founder of experimental 
physics: even his famous discoveries in 
astronomy were essentially the fruit of his use 
of a new physical instrument, the telescope. 
With Galileo the discord between the old and 
new pictures of the world, which had been 
slowly maturing in the 73 years since the 
publication of Copernicus’ work, came to a 
head ; and from henceforth the Aristotelian 
cosmology was doomed. But the physical and 
metaphysical notions that lay behind it were 
still widely accepted ; and the fundamental 
change from the medieval to the modern 
outlook in philosophy and science was com- 
pleted only by Descartes. 

Let us consider more closely the system 
which Descartes set himself to overturn. 
Aristotle’s explanation of the motion of bodies 
was, that the ‘ nature’ of each body impels 
it to some particular place ; thus, fire moves 
upwards, while other bodies tend to move 
towards the centre of the earth. All things, in 
fact, seek an ‘ end,’ or, in Aristotelian termi- 
nology, a final cause ; and the ‘ final cause’ ofa 
spatial movement is some definite location. 
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A typical example of physics as it was 
before Descartes is the medieval theory of 
light. Light was interpreted in terms of 
Aristotle’s metaphysical notions of potency 
(Sivauts) and act (évépyerx or évtedéyeta) 
A transparent body has a ‘ potency’ for 
transmitting light, but it does not become 
actually transparent until light is passed 
through it and thereby brings the transparency 
into action. Therefore light was defined by 
Aristotle as ‘ the act of a transparent body 
inasmuch as it is transparent.’ 

The medieval schoolmen regarded Aristo- 
telianism as an encyclopaedic body of know- 
ledge, in no need of being supplemented by 
further experiments. ‘ If a physical theory is 
inconsistent with received metaphysical 
teaching,’ they said, ‘ it cannot be admitted, 
because metaphysics is the supreme natural 
science, not physics.’ Until the scholastic 
philosophy could be overthrown, there was 
no possibility of any right understanding of 
nature. The importance of Descartes is, that 
he attempted a general reconstruction of ideas 
regarding the physical universe, and thereby 
became the principal figure in the transition 
from scholasticism to modern science. 

René Descartes was born in 1596, the son 
of Joachim Descartes, Counsellor to the 
Parliament of Brittany. As a young man he 
followed the profession of arms, and served in 
the campaigns of Maurice of Nassau and the 
Emperor ; but his twenty-fourth year brought 
a profound mental crisis, apparently not un- 
like those which have been recorded of many 
religious leaders ; and he resolved to de- 
vote himself thenceforward to the study of 
philosophy. 

The age which preceded the birth of Des- 
cartes, and that in which he lived, were 
marked by events which greatly altered the 
prevalent conceptions of the world. The dis- 
covery of America, the circumnavigation of 
the globe by the companions of Magellan, the 
general dissatisfaction with scholasticism, and 
the proofs by Tycho, Kepler, and Galileo of 
its definite falsity in certain respects, all 
helped to loosen the old foundations and to 
make plain the need for a new structure. It 
was this that Descartes set himself to erect. 
His aim was nothing less than to create from 
the beginning a theory of the universe, 
worked out as far as possible in every detail. 

Of such a system the basis must necessarily 
be metaphysical ; and it is by this part of 
Descartes’ work that he is most widely known. 
Here I shall refer only to those of his philo- 
sophical principles which determined his 
representation of the external world. 

The first step was to discard the futile 
methods of the Middle Ages, the attempts to 
interpret Nature in terms of act and potency, 
matter and form, substance and accident, the 


ten categories, and the like. This had already 
been proposed by Galileo and his contem- 
porary Francis Bacon. They rejected alto. | 
gether the Aristotelian practice of referring | 
everything in physics to Final Causes, and | 
asked, How ?, rather than Why ?. They dwelt | 
on the necessity for observing the external 
world, and moreover insisted that besides the | 
study of such occurrences as are naturally 
presented to us, there should be an interro- 
gation of Nature by means of carefully- 
devised experiments (this recommendation 
was not superfluous, for experimentation had 


hitherto been associated chiefly with alchemy, | 


and had no good reputation). It was, how- 
ever, Kepler who was the first modern to lay 
stress on the supreme importance of mathe- 
matics in the study of nature. 

Kepler’s teaching provided the chief in- 
spiration of Descartes, whose researches were 
dominated by a conviction that the theorems 
of mathematics had a precision, an indubita- 
bility, and a universal acceptance, which was 
not to be found in other fields of study ; to 
these features he attached the highest im- 
portance, laying it down as an axiom that 
clarity and certainty were marks of all genuine 


— 


knowledge. Now one of the problems of | 


natural philosophy was to account for actions 
transmitted between bodies not in contact 
with each other, such as those indicated by 


the behaviour of magnets, or by the connexion | 
between the moon’s position on the one hand, | 
and the rise and fall of the tides on the other. | 


To accept these as ‘ occult ’ influences would 
have been contrary to his principles ; and he 
concluded that they must be effected by the 
agency of the only types of action between 
bodies which were perfectly intelligible, 
namely pressure and impact. This implied 
that bodies can act on each other only when 
they are contiguous ; in other words, he 
denied action at a distance ; and this had the 
further consequence, that the space between 
the moon and the earth, and indeed the whole 
of space, could not be void. It is occupied, 
partly by ordinary material things—air and 
tangible bodies ; but the interstices between 
the particles of these, and the rest of space, 
must be filled with particles of a much more 
subtle kind, which may be called aether- 
particles and which everywhere press upon, oF 
collide with, each other ; they are the con- 
trivance introduced in order to account for 
all physical happenings. Space is thus, in 
Descartes’ view, a plenum, being occupied by 
an aether, or medium which, though imper- 
ceptible to the senses, is capable of transmit- 
ting force, and exerting effects on material 
bodies immersed in it. The aether is to be 
regarded as the solitary tenant of the universe, 
save for that infinitesimal fraction of space 
which is occupied by ordinary matter. 
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The word «altOyp, aether, which meant 
originally the blue sky or upper air (as dis- 
tinguished from the lower air at the level of 
the earth) was borrowed from the Greek by 
Latin writers, from whom it passed into 
French and English in the Middle Ages. 
Before Descartes, however, the word had con- 
noted merely the occupancy of some part of 
space ; he was the first to bring the aether 
into science, by postulating that it filled the 
whole cosmos, and that it had definite 
mechanical properties. 

Descartes assumed that the aether-particles 
are continually in motion. As, however, there 
was no empty space for moving particles to 
move into, he inferred that they move by 
taking the places vacated by other aether- 
particles, which are themselves in motion. 
Thus the movement of a single particle of the 
aether involved the motion of an entire 
closed chain of particles ; and the motions 
of these closed chains constituted vortices ; 
which performed important functions in his 
picture of the cosmos. 

Holding, then, that the effects produced by 
means of contacts and collisions were the 
simplest and most intelligible phenomena in 
the external world, Descartes admitted no 
other agencies. He did not claim for his 
scheme an accurate quantitative agreement 
with experiment, in the spirit of a modern 
scientific text-book ; he trusted more to the 
clarity and distinctness of a speculation than 
to its consistence with observed fact : rather 
is his work to be regarded as a stupendous 
effort of the imaginative intellect—a myth, 
in the same sense as the Timaeus of Plato is a 
myth,—intended to show that all the contents 
and happenings of the universe might be 
exhibited as parts of a logically co-ordinated 
mechanical scheme, depending solely on very 
elementary types of physical action, and 
having (once the premisses were accepted) 
the complete certitude of deduction that had 
hitherto been associated only with mathe- 
matics. Descartes was the originator of the 
Mechanical Philosophy, i.e. of the doctrine, that 
the external inanimate world may for 
scientific purposes be regarded as a vast auto- 
matic mechanism, and that it is possible and 
desirable to imagine a mechanical model of 
every physical phenomenon. 

Such a conception could not well have 
originated earlier than the Renaissance, be- 
cause the ancients and the men of the Middle 
Ages had little or no experience of mechan- 
isms that were self-contained and could work 
Independently of human direction; they 
were acquainted only with tools, which in 
order to achieve definite purposes required 
intelligent guidance. Any manifestation of 
regularity in performance seemed to our fore- 
fathers to indicate, as its directing cause, an 
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activity of mind ; indeed it was precisely the 
order and harmony observed in the move- 
ments of the heavenly bodies that led the 
Greek thinkers to regard them as possessing 
souls. Movements such as the fall of a 
material body to the ground were accounted 
for, as we have seen, by supposing that heavy 
matter tended to seek its natural place, the 
centre of the universe. This explanation 
became unsatisfying when the Copernican 
theory of the solar system was accepted, 
since the earth was now in motion in infinite 
space, and no point could be identified as the 
centre of the universe. It was at this juncture 
that Descartes put forward his revolutionary 
suggestion, that the cosmos might be thought 
of as an immense machine. This entailed the 
general principle that all happenings in the 
material world can be predicted by mathe- 
matical calculation ; and this principle has 
proved to be the element of greatest value in 
the Cartesian philosophy of nature. 

Descartes himself seems to have gone 
further, and to have held the doctrine of 
epistemological rationalism, that is, the assertion 
that physics can, like Euclidean geometry, be 
derived entirely from a priori principles, with- 
out any dependence on observation and 
experiment. At any rate, his general practice 
was to represent phenomena as the effects of 
preconceived dispositions and causes. In this 
respect he departed from the sound doctrines 
that had been preached a generation earlier 
by Francis Bacon and Galileo, and he drew 
down upon himself the criticism of Huygens. 
‘ Descartes,’ wrote Huygens, ‘ who seemed to 
me to be jealous of the fame of Galileo, had 
the ambition to be regarded as the author of 
a new philosophy, to be taught in Academies 
in place of Aristotelianism. He put forward 
his conjectures as verities, almost as if they 
could be proved by his affirming them on 
oath. He ought to have presented his system 
of physics as an attempt to show what might 
be anticipated as probable in this science, 
when no principles but those of mechanics 
were admitted ; this would indeed have been 
praiseworthy; but he went further, and 
claimed to have revealed the precise truth, 
thereby greatly impeding the discovery of 
genuine knowledge.’ 

In putting forward an all-embracing theory 
of the universe before he had studied any of 
its processes in detail, Descartes was continu- 
ing the tradition of the ancient Greeks rather 
than treading in the new paths struck out by 
Tycho, Kepler and Galileo ; he never really 
grasped the principle that true knowledge 
can only be acquired piecemeal, by the 
patient interrogation of nature. A further 
weakness in his system was involved in the 
assumption that force cannot be communi- 
cated except by actual pressure or impact, a 
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principle which compelled him to provide an 
explicit mechanism in order to account for 
each of the known forces of nature. This task 
is evidently much more difficult than that 
which lies before those who are willing to 
admit action at a distance as an ultimate 
property of matter. 

The many defects of Descartes’ method led 
to the rejection of almost all his theories in 
less than a century. It must be said, however, 
that the grandeur of his plan, and the bold- 
ness of its execution, stimulated scientific 
thought to a degree before unparalleled. 
‘ Give me matter and motion,’ he cried, ‘ and 
I will construct the universe.’ 

One of the few permanent gains to natural 
philosophy furnished by Descartes’ system 
was his theory of the reflexion and refraction 
of light. The law of reflexion—that the angles 
of incidence and reflexion are equal—had 
been known to the Greeks. Kepler in 1611 
had discussed refraction through lenses ; he 
had found experimentally that for glass, 
when the incidence is almost perpendicular, 
the angles of incidence and refraction are 
nearly in the ratio of 3 to 2; and assuming 
this value, he had found the correct result 
that the focus of a double convex lens, whose 
two faces have the same curvature, is the 
centre of curvature of the side nearest the 
object. He did not, however, succeed in dis- 
covering the general law of refraction—that 
the sines of the angles of incidence and re- 
fraction are to each other in a ratio depending 
on the media—which was published for the 
first time by Descartes in 1637, though Huy- 
gens afterwards accused him of having stolen 
it from a Dutch professor named Snell. 
Descartes presented the law as a deduction 
from theory. This, however, he was able to 
do only by the aid of analogy; when rays 
meet ponderable bodies, he says, ‘ they are 
liable to be deflected or stopped in the same 
way as the motion of a ball or a stone im- 
pinging on a body’; for, he adds, ‘ it is 
easy to believe that the action or inclination 
to move, which I have said must be taken for 
light, ought to follow in this the same laws as 
motion.’ Thus he replaces light by a pro- 
jectile whose velocity varies from one medium 
to another. Suppose then that a corpuscle of 
light is refracted across a plane interface from 
one medium into another. Descartes assumes 
that the ratio of the velocities of the corpuscle 
in the two media depends only on the nature 
of the media ; and he further assumes that 
the component of velocity parallel to the 
interface is the same after the refraction as 
before. These assumptions yield at once the 
law of refraction. They lead, however, to the 
conclusion that if, e.g., the refraction is from 
air into glass, the velocity of light is greater in 
the second or denser medium ; and this con- 
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sequence of the corpuscular theory in its) 


primitive form is contradicted by the direct! 
measurements of the velocity of light in air| 
and in water made long afterwards by Fou. 
cault and Fizeau. When the corpuscular! 
theory of light was vanquished by the wave. 
theory, it became the fashion to treat Des-| 
cartes’ proof as worthless. But the intro. 
duction of the light-quantum or photon in 
the present century has revived interest in| 
corpuscular methods ; and it is a curious fact 
that by a slight modification, Descartes’ proof 
can be converted into a perfectly valid. 


modern form ; instead of considering the | 


velocities of the light-corpuscle or photon in 
the two media, consider its momenta, remem- 
bering that for a photon the momentum is not 
measured by the product of the mass and the | 
velocity. Then if we assume that the ratio | 
of the momenta before and after refraction 
depends only on the nature of the media, and 
that the component of momentum parallel 
to the interface is unaffected by the transition 
from one medium to the other, we obtain the 
correct law of refraction, and find that the 
velocity of the light is smaller in the optically 


denser medium, as it should be. 


Crude though the Cartesian system was in 


many features, there is no doubt that by pre- | 


senting definite mechanical conceptions of 
physical activity, and applying them to so 
wide a range of phenomena, it stimulated the 
spirit of inquiry, and prepared the way for the 
more accurate theories that came after. In 
its own day it met with great acceptance ; 
the confusion that had resulted from the 
destruction of the old order was now, asit 


seemed, ended by a reconstruction of know- | 


ledge in a system at once credible and com- 
plete. 

So far as the theory of light was concerned, 
Descartes’ conceptions 


Ages. The validity of his explanation of 
refraction was, however, called in question by 
his fellow-countryman, Pierre de Fermat 
(b. 1601, d. 1665), and a controversy followed, 
which was kept up by the Cartesians long 
after the death of their master. Fermat intro- 
duced a new fundamental law, from which 
he proposed to deduce the paths of rays of 
light. This was the celebrated Principle of 
Least Time, enunciated in 1657 in the form 
‘ Nature always acts by the shortest course.’ 
In order to obtain the law of refraction, he 
assumed like Descartes that the velocities of 
light in the two media are different, and 
applied his method of maxima and minima 
to find the path which would be described in 


the least time from a point of one medium to | 


a point of the other. In 1661 he arrived at 
the solution. ‘ The result of my work,’ he 
wrote, ‘ has been the most extraordinary, the 


rapidly displaced | 
those which had been current in the Middle 
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most unforeseen, and the happiest, that ever 
was; for, after having performed all the 
equations, multiplications, antitheses, and 
other operations of my method, and having 
finally finished the problem, I have found 
that my principle gives exactly and precisely 
the same proportion for the refractions which 
Monsieur Descartes has established.’ His 
surprise was all the greater, as he had sup- 
posed light to move more slowly in dense 
than in rare media, whereas Descartes had 
(as we have seen) been obliged to make the 
contrary supposition. 

Although Fermat’s result was correct, and, 
indeed, of high permanent interest, the prin- 
ciples from which it was derived were meta- 
physical rather than physical in character, 
and consequently were of little use for the 

urpose of framing a mechanical explanation 
of light. The influence of Descartes’ theory 
was thus scarcely at all diminished as a result 
of Fermat’s work. But a new attack soon 
opened from another quarter ; nothing less, 
indeed, than the rise of a new school of phil- 
osophy, hostile to Aristotelianism and to 
Cartesianism alike. Its author was Pierre 
Gassendi (1592-1655), Professor at the 
Collége de France in Paris, a follower of 
Copernicus and Galileo, who re-introduced 
the doctrine of the ancient atomists, namely, 
that the universe is formed of material atoms, 
eternal and unchangeable, moving about in 
space, which except for them is empty. The 
most formidable objection to this new teach- 
ing was that in the Graeco-Roman world it 
had been associated with the moral and 
theological views of Epicurus and Lucretius ; 
Gassendi, who was himself a priest, worked 
hard to show that it had no necessary con- 
nexion with religious error, and that it could 
be accepted as a basis for physics by Christian 
men. After a sharp controversy with Des- 
cartes in 1641-46, he had such success that, as 
we shall see, his doctrine was accepted not 
long afterwards by Newton, and in fact it 
became the departure-point for all subsequent 
natural philosophy. 

One great advantage of it was, that since 
space was not now a plenum, there was no 
need for moving particles to form closed 
chains, and the Cartesian vortices could be 
done away with. As a matter of fact, most 
of the later developments of the theory postu- 
lated an aether, or sometimes more than one, 
and so in a sense reverted to the idea of space 
asaplenum : but these aethers were conceived 
as something which offered no resistance to 
the motion of ordinary matter through them, 
so that material particles could be treated as 
if they were situated in a vacuum. 

The next event of importance in the theory 
of light was the publication in 1667 of the 
Micrographia of Robert Hooke, one of the 
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founders of the Royal Society. Hooke’s 
theoretical investigations on light were of 
great importance, representing as they do the 
transition from the Cartesian system to a 
fully developed theory of waves. In his view, 
the condition associated with the emission of 
light by a luminous body is a rapid vibratory 
motion of very small amplitude. He intro- 
duced, moreover, the idea of the wave-front, or 
locus at any instant of a disturbance gener- 
ated originally at a point, and affirmed that 
it is a sphere, whose centre is the point in 
question, and whose radii are the rays of 
light issuing from the point. He also tried to 
determine what happened to the wave-front 
when it meets the interface between two 
media ; for this end he introduced the correct 
principle that the side of the wave-front which 
first meets the interface will go forward in the 
second medium with the velocity proper to 
that medium, while the other side of the 
wave-front which is still in the first medium is 
still moving with the old velocity ; so that the 
wave-front will be deflected in the transition 
from one medium to the other. He was less 
successful in an attempt to explain colours. 
‘Blue,’ he said, ‘is an impression on the 
Retina of an oblique and confus’d pulse of 
light, whose weakest part precedes, and whose 
strongest follows. And red is the impression 
on the Retina of an oblique and confus’d 
pulse of light, whose strongest part precedes, 
and whose weakest follows.’ 

Hooke’s theory of colour was completely 
overthrown, not long after its publication, by 
one of the earliest discoveries of Isaac Newton 
(b. 1642, d. 1727). Newton, at that time a 
scholar of Trinity College, Cambridge, had 
in the beginning of 1666 obtained a tri- 
angular prism ‘ to try therewith,’ as he said, 
‘ the celebrated Phaenomena of Colours.’ He 
obtained a spectrum, and after some experi- 
ments satisfied himself that ordinary white 
light is really a mixture of rays of every 
variety of colour, and that the elongation of 
the spectrum is due to the differences in the 
refractive power of the glass for these different 
rays. 

The publication of Newton’s theory gave 
rise to an acute controversy. As might be 
expected, Hooke was foremost among the 
opponents, and led the attack with some 
degree of asperity, being supported moreover 
by Flamsteed, afterwards the first Astronomer 
Royal. It seems likely that the unpleasant 
consequences which followed the announce- 
ment of his first great discovery had much to 
do with the reluctance, which Newton ever 
afterwards showed, to publish his results to 
the world. 

His greatest discovery, namely, that any 
two particles are attracted to each other with 
a force proportional to the product of their 
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The Concept of Nature, from Copernicus to Newton 


masses and the inverse square of their distance 
apart, was published in the Principia in 1687. 
This law is valid for the whole universe, and 
makes it possible to calculate the motions of 
all the heavenly bodies. 

The work of Newton was of such unparal- 
leled brilliance that one is surprised to learn 
how slowly it displaced Descartes’ theory of 
vortices. Long after the publication of the 
Principia, the text-book of natural philosophy 
used at Cambridge continued to be a trans- 
lation (into Latin, from French) of the 
Physics of Rohault, a work entirely Cartesian. 
Whiston has recorded that, having returned 
to Cambridge after his ordination in 1693, he 
resumed his studies there, ‘ particularly ’ as 
he says, ‘ the Mathematics, and the Cartesian 
philosophy ; which was alone in Vogue with 
us at that Time. But it was not long before I, 
with immense Pains, but no Assistance, set 
myself with the utmost Zeal to the study of 
Sir Isaac Newton’s wonderful Discoveries.’ 
The change in the character of the official 
teaching was brought about in a very curious 
manner. Dr. Samuel Clarke, a zealous 
Newtonian, published about the year 1718 a 
new translation of Rohault, with a running 
commentary of notes which, while avoiding 
the language and appearance of controversy, 
actually constituted a complete refutation of 
the text. This edition superseded the older 
one in current use, and the younger genera- 
tion peacefully adopted the new knowledge. 

On the Continent, the change took place 
stil more slowly. ‘A Frenchman who 
arrives in London,’ wrote Voltaire in 1730, 
‘will find Philosophy, like everything else, 
very much changed there. He had left the 
world a plenum, and now he finds it a vacuum.’ 
For this he gave a most surprising explana- 
tion. ‘ It is,’ he said, ‘ the language used, and 
not the thing in itself, that irritates the human 
mind. If Newton had not used the word 
attraction in his admirable philosophy, every- 
one in our Academy would have opened his 
eyes to the light ; but unfortunately he used 
in London a word to which an idea of ridicule 
was attached in Paris ; and on that alone he 
was judged adversely, with a rashness which 
will some day be regarded as doing very little 
honour to his opponents.’ 

In Germany Leibnitz described the New- 
tonian formula as a return to the discredited 
scholastic concept of occult qualities ; and so 
late as the middle of the eighteenth century, 
Euler and two of the Bernoullis based the 
explanation of magnetism on the hypothesis 
of vortices. 

The rejection of the inverse-square law of 
gravitation by the French Cartesians antago- 
nised the younger disciples of Newton to such 
an extent that they hardened into an opposi- 
tion not only to the vortices, but to the whole 


body of Cartesian notions, including the 


aether. In the second edition (1713) of the 


Principia, there is a preface written by Roger | 


Cotes (1682-1716), in which the Newtonian 
law of action at a distance is championed as 
being the only formulation of the facts of 
experience which does not introduce unveri- 
fiable and useless suppositions. The principle 
which Cotes now affirmed was, that the aim of 
theoretical physics is simply the prediction of 
future events, and that everything which is 
not strictly needed for this purpose, and which 
is not directly deducible from observed facts, 
should be pruned away. In this assertion, 
there is clearly a question involved which is 
fundamental in the philosophy of nature, 
and which it will be worth while to look at 
more closely. 

The investigations of the theoretical physi- 
cist are concerned partly with events which can 


~~ 


~ 


actually be observed—these will be called | 
phenomena—and partly also with events which | 


cannot be detected in themselves, but which 
are assumed to exist in order to set up con- 
tinuity between separated events that are in 
fact observed ; continuity is felt to be neces- 


sary if the picture of the world is to be logic: ! 


ally consistent. These hypothetical events 
have been called by Professor Reichenbach 
interphenomena. An illustration may be drawn 
from optics: light cannot be perceived 
except when it impinges on matter ; these 
impacts are phenomena; but since the 
velocity of light is finite, there are intervals of 
time between successive encounters with 
matter ; and if we adopt the belief that the 
luminous disturbance continues to exist in 
some form between its leaving one point and 
appearing at another, then during this inter- 
mediate state it is classified as an inter- 
phenomenon. Another illustration is pro- 
vided by gravity: assuming (what is in fact 
now established) that its speed of propagation | 
is finite, the question as to what is happening 
while it is in course of propagation belongs to 
the realm of interphenomena. Cotes’ princi- 
ple recommends that interphenomena should 
be ignored, on the ground that they are un- 
observable and that formulae of prediction 
can be established without making use of 
them, that they belong to metaphysics rather 
than to physics. On the other hand, the school | 
of which Descartes may be regarded as the | 
first illustrious member, and to which almost | 
all the great physicists of the nineteenth | 
century belonged, regarded the understand- 
ing of interphenomena as one of the primary 
aims of natural philosophy ; as the carrying) 
of ideas beyond phenomena into regions} 
which were more profound, and which still] 
had ontological validity. 

In Cotes’ day the propagation of gravita-| 
tion was assumed to be instantaneous, and_ 
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consequently there was no span of time to 
be bridged by interphenomena. When the 
eighteenth-century natural philosophers 
found by experience that the Newtonian law 
was marvellously powerful, yielding formulae 
by which practically every observable motion 
in the solar system could be predicted, while 
on the other hand the search for an explana- 
tion of interphenomena led to no practical 
result, opinion set in favour of Cotes’ attitude, 
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which came to prevail widely ; and in the 
middle of the century R. G. Boscovich (1711- 
1782), a Croatian Jesuit who was the first 
exponent of Newtonian ideas in Italy, 
attempted to account for all known physical 
effects in terms of action at a distance be 
tween point-particles. The luminiferous 
aether was abandoned, and a corpuscular 
theory of light was adopted almost univer- 
sally. 


EDUCATION AND THE RURAL COMMUNITY 


BY 


Dr. THOMAS I. DAVIES? 


Even in the heart of the countryside one is 
kept always aware of the great wave of ad- 
ministrative planning which is now breaking 
on the educational shore. By now, all man- 
ner of plans for the schools and colleges of the 
countryside have been projected, and they 
cover the whole front of primary, secondary 
and further education. But in the turmoil of 
present planning it becomes increasingly 
difficult to keep aware of the fact that the 
major problems of education can never find 
final solution in the council chamber, or in 
the offices of administration. 

At the primary stage of education, it can- 
not be said that ‘ development plans’ con- 
tain any germ of radical educational change 
likely to affect profoundly the rural child. 
Up to the age of eleven he will remain as 
hitherto in the village school ; and although 
there will be improvements in the premises of 
that school and in the standard of training of 
its teachers, it seems clear that any real im- 
provement in the education imparted by the 
school must spring from its own staff and cur- 
riculum. 

The issue in the primary school is whether 
or not the same spirit of planning will obtain 
within its classrooms as undoubtedly prevails 
in the County Hall. I cannot claim to be in 
a position to answer this question ; but in my 
experience, limited as it is, I have found in the 
tural schools a general desire to effect im- 
provements in both teaching methods and 
curriculum content. 

The realisation is growing among teachers 
that the young child brings with him to 


1 The author, being one of H.M. Inspectors of 
Schools, wishes to make it clear that in this paper, 
which was read at the Association’s Meeting at New- 
castle, he is expressing his own views and not those of 
the Ministry of Education. 
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school a variety of interests born of his social 
life in the home and village ; that his normal 
round of life provides him with a range of 
stimuli which call forth his initiative, and 
spur him on to the fuller expression of him- 
self ; and that the task of the primary school 
is to cultivate the flow of that self-expression, 
to deepen the interest of the child in his own 
expanding world, so that the springs of his 
varied life may remain strong, even while he 
masters the techniques of reading, writing 
and arithmetic. 

The new aim of the primary school is to 
make the classroom a place where the child 
will react with his whole personality, as much 
as he will normally do in the security of a good 
home. Successful methods have been evolved 
to this end in Infant schools and departments, 
where the ages of the children range between 
five and eight ; the need now is for experi- 
ments in the extension of these methods into 
the Junior stage of education, and there can 
be no doubt that the countryside is admirably 
equipped with conditions which are ideal for 
this kind of experiment. On lines of ‘ pro- 
ject’ and ‘activity’ methods the village 
school can well achieve a close integration of 
its work with the life of the rural community : 
an integration which will bring benefits alike 
to the community and to the school. 

When the country child reaches the age of 
eleven, the continuation of his education is 
beset by problems of greater complexity ; 
their solution must lie partly in the field of 
administration. If at this stage he is to con- 
tinue learning by experience, the child must 
have access to workshops, laboratories and 
other specialist rooms and equipment ; he 
must have the guidance of a specialist staff. 
His transfer to the new environment of a 
larger, secondary school is necessary. 
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A good deal of the weakness, as well as the 
strength of the secondary school lies in this 
specialisation. The reaction of the secondary 
school upon the country child has come in for 
a good deal of fair criticism, on the ground 
that its divided, subject-ridden curriculum 
has, in varying degrees, unfitted the rural 
child for life in rural areas. The Grammar 
school has opened the University door to the 
abler pupils, and has sent them on to respon- 
sible posts generally in urban settings. The 
pupils who are academically less successful, 
and they are in the majority even in the 
Grammar school, have been sent back not 
only ill equipped for a life on the land, but 
also often lacking in sympathy with rural 
life. Indeed, some of our critics have in- 
cluded the secondary school among the 
agents mainly responsible for depopulation 
and social disintegration in the countryside. 

As a countryman I am keenly aware of the 
truth of this criticism, for I have so often seen 
the difficulties which face rural children on 
their final return home from the secondary 
school. At the end of school life they seem 
to encounter a gulf, across which they can 
hope to carry but few of the interests which 
absorbed them for a number of years at 
school. 

In the school laboratory they may have 
shown interest in the properties of elements, 
in the structure of Amoeba or the marginal 
patterns of leaves, or in the wiring of electric 
bells ; but most of these things will recede 
into the realm of memories, without possessing 
any real place in the new values of their 
practical life. I do not share the prevalent 
facile optimism about the carry-over value 
of our school Science : it is too far removed 
from the everyday applications of science 
which are familiar to rural children. 

In the school gymnasium our rural children 
will have acquired certain habits of exercise ; 
but few of these are of a kind which they will 
care to carry with them into young adult life. 
They might well have brought with them a 
greater potential of adult health had the 
school gymnasium been replaced by riding 
stables. They find it difficult, in a sparsely 
populated countryside, even to retain an 
active interest in the field games which they 
loved at school ; and this is a wide point in 
the gulf which separates the school from their 
adult life. 

This ‘argument of the gulf’ could be 
taken around a large part of the school 
premises, into the metal and wood shops, the 
light craft rooms, the classrooms of Mathe- 
matics and Literature, and certainly into the 
History and Geography rooms, where the 
content of instruction is usually far removed 
from the rural environment of the school. 
Only a few rooms need be omitted from the 
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tour : those devoted to Languages, Religion, F 


Art and other subjects which find their focus — 
more in the personal than in the social life | 
of the child. i 

Beyond the gulf lies rural society itself, a | 
society which is passing now through a 
critical phase in its timeless history. Its new 
physical shape is flowing along the lines of the 
services of transport, electricity and water, 
Its new habits of work are attuned to a new | 
kind of husbandry demanded by the novel 
condition of the world’s food markets ; by 
advances in the mechanisation of land 
operations ; by new conditions of labour | 
supply. On all sides the rural scene is chang- 
ing, and a new way of life is taking shape in 
the countryside. 

How far can the rural society press its 
claim, its right to expect that the secondary 
schools, its own secondary schools, shall 
depart from their accustomed ways in order | 
to shape this new way of life and culture? 
Cannot it demand that the gulf between 
school and life should be narrowed, and the | 
pupils thus enabled to carry with them into 
adult life a range of abiding interests which 
will help them to enrich the life of the coun- ! 
tryside ? 

Before attempting an answer, let us be | 
clear on one issue: the individual child in 
the secondary school must remain free to 
shape his own destiny in whatever sphere of | 
life he elects to play his individual part. If | 
an able country boy decides to become a | 
doctor, or a linguist, or a marine engineer, it 
is the duty of his school to enable him to 
realise his ambition; and therefore the 
school must equip him for entry into the 
University, at the age of eighteen, in com- 
petition with the urban child of similar | 
ability, educated in a large Grammar school. 

Thus we are brought to the dilemma of the | 


— 


rural secondary school : how can it reconcile 
its duty to the individual child, on the one | 
hand, with its duty to the rural community | 
on the other ? 

Many rural councillors and administrators | 
have now said, ‘Let there be schools of | 
reasonable size in the countryside, with at 
least two annual entry forms of fairly uniform | 
ability, whether that ability be at the Gram- 
mar or at the Modern end of the scale.’ Most 
people like myself, who attended the 4-class 
Grammar schools of the past will find them- 
selves in ready agreement; for the small 
school is able to offer only a limited range of 
higher studies, which lead to an equally 
limited choice of careers. But why the new 
schools should so often be erected in the heart 
of the country towns is difficult to understand. | 


While transport facilities will usually dictate | 


the siting of the school somewhere in the | 
vicinity of the town, the country town has | 
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always a rural fringe which merges into 
genuine countryside. 

An excursion into the maze of uni-, bi-, 
and multi-lateral ideas which have occupied 
so many minds in the recent past is unprofit- 

-able: for it is doubtful whether they differ 

much, one from the other, in their capacity 
for service or disservice to the rural commun- 
ity. Neither is it necessary at this stage to 
produce the label of Technical, though the 
mere application of this label to a school is 
often deemed to solve the very kind of prob- 
lem which is the subject of this paper. 

It seems to me that the answer to the 
dilemma of the rural secondary school, as of 
the primary school, lies almost exclusively in 
the field of method, and in the mode of inte- 
gration of the curriculum, irrespective of the 
administrative label carried by the school. 

In the matter of teaching method I shall 
take my own subject of Biology to illustrate 
what I mean. A child studying Biology in 
the Grammar school is taken on a journey of 
several years’ duration, which starts with 
Amoeba and ends with the rabbit, stopping on 
the way at a few intermediate stations on the 
line of animal evolution. He takes a second, 
parallel journey on the line of plant evolution. 
He learns to compare the plant with the 
animal; he memorises enough scientific 
terms to be able to compare meticulously the 
structure of a few selected types in the scale 
of organic evolution. The emphasis is al- 
most exclusively on the comparative method 
in Biology, and a high proportion of the time 
is spent in memorising terms which could be 
mastered in a matter of weeks, if not days, in 
the sixth form or at the University. 

It is difficult to appreciate where the virtue 
of this method lies, outside the narrow course 
which leads directly to a University degree. 
It seems, indeed, that for the many pupils 
who will leave school at the secondary stage, 
this kind of Biology is illiberal, just as it is 
vocational for the few who will proceed to 
University studies. 

From the standpoint of the rural child who 
will go on either to the University or to a life 
on the land, let us examine, in contrast, the 
possibilities of the statistical method in 
Biology. A corn drill sowing oats in neat 
measurable rows at 7 inches apart, allows 
some 32 seeds to fall in a foot length of drill. 
By the time harvest is reached there will 
probably be only 3 or 4 plants left to the drill 
foot, after all the wireworms, leatherjackets, 
slugs, cutworms and other insect and fungoid 
pests have taken their toll. 

In the course of a very few visits to that 
field, a class of children using statistical sam- 
pling methods could measure accurately the 
tate of loss of plants in the crop, at the var- 
lous stages of growth. They could employ 


33 


Education and the Rural Community 


sampling methods of determining the incid- 
ence of pests in the immediate vicinity of the 
plants; they could learn to identify the 
signs, and assess the damage caused by the 
various pests. In this kind of work they 
would not only be gaining a first-hand ac- 
quaintance with the characters in the drama 
of the corn-field, but they would also be seeing 
a good deal of the play. It is the play which 
they now miss in the Biology classroom ; 
they now concentrate on snapshots of the 
static detail of evolution, while the struggle 
for survival proceeds unheeded all around 
them in the living world. 

Many and diverse examples come to mind of 
the kind of application of the statistical method 
which is practicable in the secondary school. 
A method of sampling can be employed to 
show the influence of grassland management 
upon the composition of the sward ; the results 
of this work in two or three leys will enable the 
pupils to evaluate the differential survival of 
species, within that plant association upon 
which the life of the rural community ulti- 
mately depends. Agar plates exposed at 
different places and times within the cow- 
house and dairy can give a critical picture of 
the bacterial conditions under which milk is 
produced and handled, and this leads natur- 
ally to the treatment of bacteria and their 
relation to modern food technology. The 
time has come when the schools can ill afford to 
continue ignoring the bacteria. Counts made 
of the green-flies infesting potato crops in 
shaded and exposed conditions will introduce 
the pupils to a fascinating aspect of insect 
bionomics, to the nature of viruses and 
disease, and to the significance of the potato 
in the social history of the nations. The 
social function of Science is one which the 
schools can in conscience no longer con- 
tinue to ignore. 

It would be equally possible to argue the 
case for the use of the experimental method 
in school Biology, the method in which the 
conditions of life of the living organism are 
deliberately varied. Seed rates and the 
depth of sowing are easily adjusted, as also 
are the physical and chemical conditions in 
the seed bed ; plants are easily subjected to 
pest attacks under experimental conditions 
in boxes; the biological control of some 
common insects can readily be shown to 
children ; the effects of cooling on the bac- 
terial content and keeping quality of milk can 
be demonstrated. Here again, there is no 
limit to the variety of projects which the 
Biology class can undertake. 

The biological concepts emerging from the 
use of the statistical and experimental 
methods are infinitely more liberal than those 
which accrue from the comparative studies 
now pursued in the name of school Biology. 
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These methods, if employed, would bring to 
the child a fuller understanding of the mean- 
ing of Science, and a better appreciation of its 
social function. To the country child they 
would give an abiding rural interest which is 
capable of bridging the gap between school 
and life. 

I have confined myself to Biology. But I 
imagine that in Physics, also, there may well 
be room for experiments in a kind of method 
associated more with the workshop than with 
the laboratory. Without the least sacrifice 
of academic standards in ‘ pure’ Physics it 
should be possible to make full use of farm 
implements in acquainting the country boy 
with the principles of mechanical advantage, 
and of the tractor in teaching him Heat, 
Electricity and Magnetism. 

In the teaching of History and Geography 
the local survey is now a fairly common 
feature in the rural secondary school. But it 
is amazing how often this survey assumes the 
significance of a subject in the curriculum, 
and not the réle of a method, a technique of 
the teaching of Social Studies. When the 
names of fields and the shapes of farm build- 
ings have been recorded neatly in maps and 
charts, the survey is too often deemed to have 
achieved its purpose. It is not usual to find 
the exact measurements of the buildings, and 
the names of the fields interpreted, in the 
light of the husbandry of the time when they 
were built and enclosed ; the child is seldom 
led back from his own survey to a recon- 
struction of the historical scene. And, if his 
survey deals at all with the present system of 
husbandry, he is seldom led to perceive the 
exact place of that husbandry in the world 
system of food economy. 

The local survey, viewed as a means of 
teaching and not as an end in itself, is in the 
very infancy of its development in the rural 
school. 

In all that I have to say of the problems 
facing the rural secondary school, and its 
relation to the community, the emphasis is on 
the methods of teaching; on the need for 
long-term experiments, planned with care, 
especially in those methods which draw 
mainly on the resources of the environment 
of the school. It is to be hoped that the new 
system of secondary school examinations will 
herald an era of freedom in the rural school, 
the freedom to find ways and means of bring- 
ing its work into closer harmony with the life 
of the community it is privileged to serve. It 
is very encouraging to note the steps now 
being taken in this direction, towards im- 
proving the curriculum and the methods of 
secondary schools, by a number of responsible 
bodies, notably the Association of Agriculture 
and the Council for the Promotion of Field 
Studies. 


34 


In this period of planning, the question has 


naturally arisen whether selected schools 
should be set aside for specialised courses in| 
the ‘ rural subjects’ : whether, for example, | 
there should be Rural Technical Schools ad. 
mitting children at the age of eleven, to! 
specialise in Agriculture and its associated | 
crafts and technologies. There is to my! 


knowledge no ‘ aptitude test ’ which has yet | 


been devised to measure what Sir George 
Stapledon has called the ‘ coefficient of 
ruralicity ’ of the child. Even if such a test 
existed, there would be little justification for | 
finally deciding the future curriculum of the | 
pupil, at the age of eleven, in terms of an | 
alleged ‘ rural,’ or ‘ rural technical ’ aptitude. 
The reforms which I want to see, and which 
I have outlined very inadequately, are 
applicable in the general field of rural 
secondary education. At the same time,?} 
there are good and valid reasons for centralis. 
ing, to some extent, these educational experi- 
ments in selected schools equipped for the 
purpose. I have in mind particularly, a 
Grammar school placed in a rural area, which 
might be equipped with a small school farm, 
and with enough boarding provision to take | 
in, at the age of thirteen or fourteen, pupils 
from other Grammar schools in the author. | 
ity’s area who have revealed an aptitude for 
the sciences, and whose parents wish them to 
be educated in an atmosphere peculiar to the 
land. This school would have in its Fourth 
and Fifth forms homogeneous groups of pupils 
studying the full range of the sciences— 
physical, biological and social, and all these ) 
studies being centred closely on the farm and 
its rural surroundings. 
In a school of this kind, call it a Grammar. 
Technical school if you like,! the pupils could 
have the choice, at the age of sixteen, of taking 
either ‘ pure’ Science or Agriculture in the 
sixth form ; their basis of scientific knowledge | 
would be suitable for either of these advanced | 
courses. If Agriculture, as a separate sub | 
ject, has a place at all in our secondary | 
schools, then I am convinced that its place 
is in the sixth form ; and that the theoretical | 
part of the course should include, in addition to | 
stock and crop husbandry, studies in engineer- } 
ing, farm management and accountancy, | 
agricultural law and marketing, rural local | 
government and sociology. The pupils going | 
on to graduate courses in Agriculture would, 
of course, take ‘ pure’ Science in the sixth | 
form ; but for those who will go on to a life 
on the land, there is everything to be gained 
from studies of the kind I have mentioned: 


1 On reflection, Rural High School seems preferable, 
because the ubiquitous use of the name Grammar: 
Technical, for urban and rural schools, implies 
uniformity of type ; it even suggests that uniformity is 
a feature proper and fitting to the Secondary Gram- 
mar provision. 
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they stand to contribute much to the potential 
of leadership in the rural areas. 

The great majority of rural children, of 
course, will never reach the sixth form of the 
Grammar school. They will be catered for 
in the County Colleges which are, as yet, only 
in the planning stage. Looking ahead, it is 
difficult to visualise the kind of service which 
these colleges are likely to give to the rural 
community. We have to keep in mind a 
number of variables in the field of organisa- 
tion ; whether the landworkers will attend on 
the basis of one day a week, or on the basis of 
block residential attendance ; whether there 
will be homogeneous classes of landworkers, 
or heterogeneous groups representing a range 
of rural and urban occupations ; whether 
landworkers will be grouped with apprentices 
in trades who will require set courses of in- 
struction for their examinations. 

My view is that the County College should 
not aim at increasing the skill of the land- 
worker in his own particular job through 
vocational training : to do this would be to 
usurp the function of the Agricultural In- 
stitute. Since the end of the war, the Young 
Farmers’ Clubs have provided a valuable 
pointer to the way in which the youth of the 
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countryside can blaze their own trail at this 
stage ofeducation. From their early concern 
with the techniques of husbandry these clubs 
have lifted their horizon, through their sur- 
veys of villages, of land utilisation, and of 
systems of husbandry ; through their active 
enjoyment of drama, music and the crafts. 
The County Colleges will have a great oppor- 
tunity to develop the initiative which is 
native to rural youth. The loss of this 
initiative should not be risked through ex- 
posure to the formal atmosphere of the class- 
room, through a suspicion of having returned 
to the status of pupils at school. These 
colleges should, instead, emulate the example 
of those clubs which have learnt to abandon 
the lesson and lecture in favour of more prac- 
tical and relevant methods, notably that of 
the field survey. 

Throughout the range of rural education, 
from the village school to the County College, 
the present need is not for emphasis on the 
vocational content of instruction, but upon 
new methods of teaching which will multiply 
the contacts of the growing child with the life 
of his community, and which will deepen 
within him the consciousness of his own 
rights and duties within that community. 
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CHEMISTRY AND THE FOOD SUPPLY 


EDITED BY 


Dr. G. I. HIGSON 


THE various ways in which chemistry can assist the practice of agriculture were discussed at 
a Symposium at a meeting of Section B—Chemistry on September 6, 1949, during the Annual | 


Meeting of the Association at Newcastle. 


In the following report of the Session the papers read by the contributors are given in a ; 


somewhat condensed form but containing the main points which the authors sought to make, 


INTRODUCTION 
by 
Dr. G. I. Higson 


TuIs symposium is concerned with the very 
practical problem of using the resources of 
chemistry to assist agriculture, so that food 
production may be increased. Even in this 
country, where we have so far escaped actual 
starvation, there are shortages of some foods, 
and it would certainly be desirable, and 
pleasant, to have a more varied diet. In 
many parts of the world the threat of hunger 
is ever-present : it has been said that to pro- 
vide everyone with an adequate diet would 
necessitate doubling the world’s food pro- 
duction, probably an impossibility. Any 
significant increase must come from agricul- 
tural operations : little can now be got by 
hunting wild animals, except in the sea. Nor 
are we yet in sight of synthesising foodstuffs 
in the laboratory, much less in the factory. 
Although chemistry can assist agriculture 
in many ways, as will be shown by the con- 
tributors to this symposium, its oldest, and by 
no means smallest contribution, is in the field 
of artificial fertilisers. It therefore seems 
appropriate to consider, in this introduction, 
the fertiliser industry and its probable 
future. It dates from the early part of last 
century, and was the outcome of work by a 
chemist, Liebig. He showed that agriculture 
was, even at that time, depleting the soil of 
its essential ingredients more rapidly than 
natural manuring by the decomposition of 
animal and vegetable matter could replace 
them, and that these ingredients, notably 
potash, phosphates, and nitrates, would have 
to be obtained from other sources, and added 
as ‘ artificial fertilisers... Natural concen- 
trated deposits of these materials were al- 
ready known and these were worked and used 
in ever increasing quantities as needs became 
greater. When in the early part of this cen- 
tury it seemed that there was danger of the 
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nitrate deposits becoming exhausted in the 
near uture, the synthetic nitrogen industry 
was the logical development. This has made 
the production of nitrogenous fertilisers 
dependent only on the availability of coal, or 
other sources of power, which are more 
abundant and less localised than nitrates, 
But supplies of potash and phosphte remain 
dependent on natural deposits, and are likely 
to continue to do so. 

Although the use of artificial fertilisers is 
wide spread, and in places intensive, much 
remains to be done, as can be seen from some | 
of the data for nitrogen (N), which are the | 
most readily available, though perhaps not | 
very accurate, particularly those for the whole | 
world. 


Whole } 
World U.K. | 
Population, millions 2,250 50 | 
Annual food consumption } millions f 1 000 25 | 
Fertiliser N used annually of 3 0-2] 


Extra food due to this tons 
Ratio :—Extra food : whole production 


30. 
3% 8% 
Some Western European countries would 
show a higher percentage, and it seems quite 
likely that it would be worth while increasing 
the rather mediocre figures to 12 per cent. all 
round, thereby increasing the world’s food 
production by about 100 million tons, or | 
10 per cent.—still far from the doubling | 
which is held to be desirable. Nevertheless, 
even such a moderate increase involves quad 
rupling the present world output of nitrogen | 
up to 12 million tons. Such an increase is | 
possible, but will mean heavy capital ex 
penditure, say £1,500 million at to-day’s | 
prices. And 50 million tons of coal will each 
year have to be set aside for this purpose, of | 
its equivalent in other sources of power: 
water power in remote places where there is 
no other use for it (as in Norway and Egypt) 
can be used efficiently in this way. 
There is one problem which will arise as 

the nitrogen industry is expanded which is 
worth mentioning, and this is the form in 
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which the nitrogen, which is nominally 
obtained as ammonia in a nitrogen fixation 
plant is to be ultimately applied to the soil. 
Ammonia as such, though a cheap fertiliser 
and used to some extent in U.S.A,, is not 
generally acceptable : some salt is required, 
and ingredients for this will also be needed. 
Where ammonium nitrate can be used the 
problem is obviously easy to solve, since even 
when this has to be diluted with inert matter 
to obviate the danger of explosion which is 
inherent in the use of ammonium nitrate as 


be } such, suitable inerts are usually available. 
- - Calcium nitrate is also usually easy to make, 
since limestone is widespread. It would, how- 
i ' ever, be rash to assume that we could afford to 
-_ use sulphur bearing minerals to increase 
indefinitely the production of ammonium 
the | sulphate, which is to-day one of the best liked 
try nitrogenous fertilisers owing to the ease and 
i _ safety with which it can be transported. A 
none possible alternative is urea. The production 
or | of nitrogenous fertilisers in one form or 
‘ore another will undoubtedly increase as agricul- 
om ture can absorb more of them. 
aie In most places, however, the use of nitro- 
cely | gen alone will not suffice and phosphates 
| (P,O;) or potash (K,O) or both must be 
sh | added to make up for what is removed in the 
ihe | crops. In some cases even other additions 
sme | (the so-called ‘ minor elements ’) will have to 
the | be made. In this country, for example, every 
oa) ton of N is supplemented by 1-6 tons of 
hole | 2205 and 0-65 tons of K,0. These ratios do 
_ not, of course, hold in other places, where the 
) rate of breakdown of the soil, which replen- 
U.K.\ ishes the phosphate and potash supplies (the 
50 | nitrogen supplies are similarly replenished 
when decomposition of vegetable matter takes 
4 place) is different. The pre-war world figures, 
8%, | which must be used in the absence of any 
ould | forward estimate, were N : 1, P,O,: 1-6 and 
ite | K,0: 1-05. 12 million tons per annum of 
sing N will then be accompanied by 19-2 million 
all | tons of P,O, and 12-6 million tons of K,O, 
food | and these consumptions must be drawn from 
or _ the natural deposits of phosphate rock and 
sling potash, which are estimated as about 5,000 
Jess, | Million tons of P,O, and the same of K,O. 
uad | There are thus about 250 years supply of 
ogen | phosphates and 400 years supply of potash in 
ae k | the known reserves, and there are doubtless 
exe | other deposits as yet unproved. The diffi- 
i ay’ | culties arising from the fact that these are 
cath | localised and under national control are, 
ot | not to be underrated. 
oil New methods of treating phosphate rock 
sre ig} (2 Make it into a suitable fertiliser will have 
‘ t) to be developed as the shortage of sulphur 
YP" | becomes more acute and superphosphate can 
se ase 2° longer be made. Possibilities are the fur- 
ch is| 24ce processes and the use of nitric acid ; a 
m in| ™0re speculative solution of the problem is 
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the development of some process for prevent- 
ing the rapid fixation of soluble phosphates 
in the soil, whereby they are rapidly converted 
into a form unavailable to plants, and thus 
wasted. 


CHEMICALS AND Crop GROWTH 
by 
Dr. E. M. Crowther 


Tue use of fertilisers as distinct from raw 
materials and wastes dates from 1843 when 
the Gardener’s Chronicle carried the advertise- 
ment: ‘ J. B. Lawes’s Patent Manures, com- 
posed of Superphosphate of lime, Phosphate 
of Ammonia, Silicate of Potass, etc., are now 
on sale at his Factory, Deptford-creek, 
London, price 4/6 per bushel.’ In the same 
year Lawes and Gilbert initiated field experi- 
ments, which are still in progress, to deter- 
mine what chemicals were needed and how 
they should best be used. 

*Vitriol and manure works’ of an early 
pattern still survive in some isolated parts 1 
the country, but fertiliser manufacture often 
forms an integral feature of some of the most 
advanced branches of chemical engineering. 
Fertilisers are used mainly in industrial 
countries and in a few highly specialised 
systems of crop production ; they have not 
yet reached the peasant farm of Africa, Asia 
and South America. 

Rapid developments in fertiliser practice 
for arable crops played a vital part in the 
success of the wartime food-production cam- 
paign. The consumption of fertilisers in the 
United Kingdom for 1938-39 and 1947-48 
respectively wereiin thousands of tons of ele- 
ment: 60-190 N, 70-160 P, 60-150 K, 
900-1600 Ca (as oxide and carbonate). To 
ensure efficient production, especially on re- 
claimed land and ploughed-out grass, it was 
necessary to ration phosphate and potassium 
fertilisers for every farm in terms of the 
individual needs of principal crops and 
kinds of soil. The general principles of 
fertiliser rationing must be applied more 
widely once the basic facts are established 
from series of field trials. There is an urgent 
need for more extended use of fertilisers on 
grassland. 

The recovery in crops of plant nutrients 
added in fertilisers is still relatively low, 
especially for phosphate. For many crops the 
efficiency of phosphate and potassium ferti- 
lisers can be notably increased by placing 
them in bands within an inch or two of the 
seed, but much further research and new 
kinds of machines will be required before 
these methods can be used generally for crops 
other than cereals. 

Local fertiliser practices appear often to 
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depend on historical or geographical acci- 
dents. Thus American farmers apply most of 
the fertilisers in purchased mixtures : Dutch 
farmers use only the separate ingredients and 
British farmers follow both methods. In 
Britain much synthetic ammonia is converted 
into ammonium sulphate with locally mined 
anhydrite. In America the synthetic am- 
monia works lack a convenient source of sul- 
phate and the ammonia is despatched in the 
anhydrous form or in concentrate solutions 
with additional ammonium nitrate or urea 
to fertiliser works to be added to superphos- 
phate. The di-calcium phosphate formed 
ranks as ‘available’ by the American 
ammonium-citrate test but not by the British 
water-solubility test. Anhydrous ammonia 
is also applied directly to the soil in America 
either through irrigation water or by special 
injectors. In Britain the difficulty of ensuring 
good ‘ condition’ in acid materials of high 
soluble salt content is being met by granu- 
lating mixed fertilisers. 

The sulphuric acid used to attack mineral 
phosphate requires a heavy dollar expendi- 
ture on Texas sulphur and many attempts are 
being made to find alternative methods of 
breaking down the apatites in mineral phos- 
phate. Nitric acid is being used in place of 
sulphuric acid in some European countries. 
Sintering with sodium carbonate was used 
successfully in England and Uganda during 
the war. In America phosphate rock is de- 
fluorinated at very high temperatures to give 
a fused tricalcium phosphate which is highly 
available in the soil. 

There is as yet no synthetic substitute for 
some of the organic wastes which liberate 
ammonia slowly in the soil. A promising 
beginning has been made with urea-for- 
maldehyde products. 

The list of elements occasionally needed for 
special crops and soils is rapidly growing. 
Thus, magnesium, boron, manganese, molyb- 
denum, copper and zinc must sometimes be 
added in suitable forms and ways to produce 
healthy crops and cobalt to produce healthy 
animals. 


CHEMICALS AND WEED CONTROL 
by 
S. W. Cheveley 


Tue selective killing of weeds is not very new. 
It was done, rather inefficiently, early in this 
century by dusting cereal crops containing 
weeds with kainit or calcium cyanamide, and 
a little later solutions of copper sulphate or 
sulphuric acid were similarly used. All these 
chemicals act because of physical differences 
between weeds and crops, adhering to the 
broad-leafed weeds with lethal effect and 
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falling comparatively harmlessly from the ] 
cereals. Recently dinitro-orthocresol and its! 


derivatives have been used. These act mainly 
in the same way, and rather more efficiently, 
but are unpleasant to handle. 


In the late 20’s, plant physiologists deduced 
that minute amounts of chemicals (the so. 
called Plant hormones) produced in the 
growing tips of plants, could move abou 
inside the plant and produce characteristic 
responses elsewhere, and in due course some! 
of these very complicated substances were 
isolated. Inthe meantime simpler compound} 
were discovered, having like effects, and put 
to practical use, e.g. in making plant cutting 
root more quickly. Notable among thes 


compounds is alpha-naphthy] acetic acid. In| 
1940 Dr. Templeman of Jealotts Hill Agri. 


cultural Station noted that this has different 
effects on various species; e.g. used in 
quantity it would kill yellow charlock grow. 
ing in a corn crop without harming the latter, 
The compound, at the rates required, was too | 
expensive for practical use, but similar, 
cheaper selective weed killers were soon dis- 
covered, first 2 methyl 4 chloro-phenoxy| 
acetic acid! (M.C.P.A., ‘ Methoxone ’) andj 
later 2,4-dichloro phenoxy acetic acid (2,4 D). 
Production was rapidly developed, both in 
the U.K. and U.S.A. 

The practical effect of these selective weed 
killers on their victims is to cause bending and 
thickening of leaves and stems, and some. 
times the formation of roots on aerial part 
of the plants. Their precise action awaits fur- 
ther research: it is, however, known that) 
M.C.P.A. interferes with potassium meta 
bolism 2 but this is probably not the whole 
story. 


These new selective weed killers act slow} | 
and are best used when both crop and weeds | 
are growing vigorously. As they act equally | 
well whether absorbed through roots or leaves, 
weather conditions at the time of application 
do not, in reason, matter. Both M.C.P.A. and 
24D are used as their sodium salts, amine 
salts or their esters : each of these have ad: 
vantages and disadvantages under certain 
conditions. The esters are the most potent 
weed killers, but must be used with the most 
care ; where slight damage to cereals doe 
occur, they are invariably more harmful than 
the sodium salts. The amine salts fall between | 
sodium salts and esters, and have the advan 
tage of high water solubility. 

A recent addition, 2,4,5 trichlor-phenoxy 
acetic acid shows promise against bramble, 
scrub bush, etc. 


1 British Patent 573929. Application date April’, 
1941. 

2 Rhodes, Templeman and Thruston (2nd Inter 
national Congress of Crop Protection, London, 194, 
Abstract No. 27. 
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As regards the use of these products in 
farming, no other chemical innovation has 
had such a hearty welcome. In the four years 
since they were introduced in the U.K., 
usage has increased to such an extent that in 
1949, it is estimated, more than 10 per cent. 
of the total cereal acreage was treated. This 
is a rapid growth when it is remembered that 
only about half the acreage is sufficiently 
weedy to justify treatment. In the U.S. and 
Canada even more rapid developments 
occurred (18 million acres were treated in the 
U.S. in 1949) but not always with sufficient 
care. Distribution by aeroplanes, indis- 
criminately, caused severe damage to sus- 
ceptible crops, leading to the prohibition of 
this method in some states. In many western 
European countries the use of these weed 
killers has become standard practice. It is not 
difficult to see the reasons for enthusiasm in 
Britain. The main advantages are : 


(1) The ease of applying powder through 
a fertiliser drill compared with hand- 
ling acids or poisonous D.N.C. 

(2) The greatly increased cost of farm 
labour and the shortage of labour. 

(3) The urge to produce more and more 
foodstuffs, thereby making it difficult 
if not financially unattractive to in- 
clude a bare fallow in a rotation. 
The shortage of imported foodstuffs 
which is driving us to rely more on 
grass and grass products instead of ex- 
tensive root acreages which we were 
able to supplement with imported 
protein. 

(5) The urge to grow flax and linseed 
which are traditionally ‘ dirty ’ crops. 

(6) The ploughing up of grassland in which 
weed seeds had survived. 


(4) 


The use of weed killers is not just a matter of 
having tidy farms: weeds compete with 
crops for plant foods, etc., and their removal 
means larger crops. If the cost of removal is 
below the value of the additional crop, re- 
moval is economic. The cost of good weed 
suppression varies from 25s. to 45s. per acre 
when the job is done by the farmer : a con- 
tractor will charge from 25s. to as high as 65s. 
A new technique (low volume spraying) may 
enable the cost in the former case to be re- 
duced to 13s. to 15s. when only susceptible 
weeds are involved. Increased cereal yields 
have varied from nothing, in the absence of 
many weeds, to 150 per cent. or more where 
infestation was severe. A normal increase, 
where treatment is really justified, would be 
20-25 per cent., which will usually yield an 
Increased return to the farmer of £4 to £5 
per acre for the extra grain alone. 

; It is thus obvious that, as in the case of fer- 
tilising, the higher the productivity of the 
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soil, the greater is the profit from using selec- 
tive weed killers. Also, it may be more profit- 
able to achieve 80-90 per cent. control of 
weed rather than use sufficient weed killer to 
reach 100 per cent. 

Selective weed killing is also of value on 
grassland. Grass is actually the most import- 
ant crop in the U.K. but apart from the kill- 
ing of weeds in playing fields, where the new 
weed killers have proved a godsend to harassed 
staffs, it is often the last crop to receive atten- 
tion. In Holland, however, where grass is 
really treated as a crop, selective weed killers 
are much used. Objection has been raised to 
killing weeds in pasture on the grounds that 
many of them may be beneficial to stock, but 
there is no proof of this. Such indications as 
there are, are to the contrary and there are 
reasons to think that great benefits can be 
obtained by treating grasslands. It is not 
sufficient, however, merely to remove the 
weeds. Weeds are usually a sign of poverty 
of soil, bad drainage, or other errors of culti- 
vation and these must also be rectified : in 
extreme cases by re-sowing. Much can, 
nevertheless be achieved by accompanying, 
or preferably preceding, the weed killing by 
treatment with lime, nitrogen, phosphate 
and potash as may be required. These, in 
conjunction with weed killers can bring about 
a most marked improvement in a short time 
to semi-derelict land. 

Another objection which has been raised 
is the risk of killing clovers, but this is a matter 
of degree ; certainly the weed killer should 
not be applied to grassland which has just 
been sown to a clover mixture but on an 
established pasture, the clovers will receive 
no more than a check. Given suitable phos- 
phate applications, the writer has found it 
impossible to eliminate wild white clover by 
heavy dressings of weed killer, but soils and 
conditions vary so much that a small scale 
experiment is worth while before risking a 
good clover sward. 


CHEMICALS AND ANIMAL HEALTH 
by 
D. D. Ogilvie 


THE growing seriousness of the world food 
situation is now acknowledged everywhere 
and in no aspect of nutrition are shortages so 
apparent as in animal proteins and fats. The 
raising of living standards in many lands has 
increased the pressure on the livestock indus- 
try and the increase continues. A healthy, 
adaptable, livestock industry is therefore 
needed, but few of the herds existing to-day 
are really healthy and many of them are 
riddled with diseases. Until recently epi- 
demic diseases such as the cattle plague were 
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widespread, but these are controllable by 
sera and vaccines, the uses of which are being 
further developed, although there is a limit 
to what they can accomplish. While these 
acute killing diseases are generally under con- 
trol, chronic and debilitating diseases are 
increasing, causing enormous losses: in 
Britain the losses from only four diseases of 
dairy cattle, mastitis, contagious abortion, 
infertility and Johne’s disease, account for half 
of the total bill of £50,000,000 per annum. 
Each year, in an era of shortage, tens of 
thousands of carcasses are condemned as unfit 
and hundreds of thousands of livers discarded 
owing to liver fluke infestation. 

Chemical substances can, of course, help 
to reduce these losses, and specific remedies 
for, or preventatives of, the various diseases 
are being developed. Complex organic com- 
pounds, with specific uses, are now available 
which if properly applied can go far towards 
producing healthy livestock. Probably the 
greatest loss by animal infestation is due to 
internal parasites—the world total is not 
known, but the figure for U.S.A. is estimated 
to be £31,000,000 per annum. The main 
trouble is due to infestation of the intestines 
by various species of nematodes, who are 
vicious bloodsuckers and cause anaemia, 
enteritis and death. In the past, poisonous 
preparations of, e.g. arsenic were used as 
treatment, with unreliable results, but ten 
years ago thiodiphenylamine (phenothiazine) 
a substance of low toxicity was found to be 
effective and its increasing use has demon- 
strated how valuable it is. One season’s use, 
during the war years, reduced the infestation 
of sheep in the U.S.A. (due to the nodular 
worm O. columbianum) by 90 per cent. 
The widespread use of this medicine, and 
when desirable other anthelmintics, is 
having a profound effect on the livestock 
industry, though much still remains to be 
done. 

Somewhat different are the results of infes- 
tations by flukes, which more usually accumu- 
late in the liver and render it unfit for human 
consumption. The loss in the U.K. is now 
estimated at over 1,500 tons yearly, and liver 
is not only a popular article of diet but prob- 
ably contains substances preventing defi- 
ciency diseases. This is particularly disquiet- 
ing because the life cycle of the parasites has 
been known since 1758 and because methods 
of control are available, both by the use as 
a medicine of hexachloroethane (or with 
sheep, carbon tetrachloride) and by des- 
truction of the snail vectors, on the ground 
by copper sulphate or benzene hexachloride 
(B.H.C.). 

The ecto-parasites which live usually on 
the skins of animals are of lesser importance, 
but damage hides, as well as causing debilita- 
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tion by their irritant effects. Simple infesta- 
tions, e.g. with lice, are now easily con. 
trollable with D.D.T. or B.H.C., but such 
parasites as ticks are more difficult to contro] 
and they, moreover, transmit many dangerous 
diseases, East coast fever, for example, 
Frequent dipping in arsenic or the newer 
organic insecticides is necessary and there js 
still much to be learned about the technique 
of application, and the timing of the opera. 
tion. The warble fly is not properly controlled 
in most parts of the world, although derris 
and rotenone are known to be highly effec. 
tive, and damage to hides is severe, amount. 
ing in the U.K. to £1,000,000 yearly, one 
hide out of every three being more or less 
damaged. 

Against bacterial infections the sulphon- 
amides and penicillin are already available, 
They should be used energetically against 
bovine mastitis, the cause of gigantic losses of 
cattle : in the U.K. alone over one million 
cows are affected, resulting in the annual loss 
of upwards of 370 million gallons of milk and 
30,000 tons of butter. By modern chemical 
methods it can be eliminated from a herd in 
a fortnight, but the problem is to prevent re- 
infection: here again modern chemical 
methods are helping. 

While the control of diseases due to viruses 
is as yet virtually impossible, the treatment 
of protozoan diseases is becoming feasible, 
and new compounds are available which can 
systematically deal with individual infections. 
These diseases are largely a scourge of the 
tropics and the discovery of ‘ Antrycide’, too 
recent to require comment, is an example of 
what can be achieved, and justifies the hope 
that the menance of trypanosomiasis may at 
last be overcome. But other specifics for 
other diseases, e.g. coccidiosis, of such im- 
portance to the poultry industry, are now 
available. One trypansome infection known 
as ‘ Surra’ bade fair to prevent the campaign 
in Burma during the 40’s by its disabling of 
horse and mule transport. The compound 
now known as Suramin allowed this to be 
rapidly and effectively brought under 
control. 

There is now an increasing realisation of 
what chemicals can accomplish in animal 
health, and research is energetically in pro 
gress. Recent developments are in the hor- 
mone field (table poultry can now be capon 
ised by chemical means) and synthetic vita 
mins. Progress has never been swifter in the 
field of new discoveries : the difficulty is to 
ensure that they, and the known remedies, 
are applied energetically to the insidious dis 
orders which are sapping the strength of the 
world’s livestock population. To this prob 
lem our attention, energy and ingenuity wil 
have to be directed. 
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CHEMICALS AND INSECT CONTROL 
by 
L. W. Leyland Cole 


Tue chronicles of human warfare fill many 
volumes, but the story of man’s fight against 
insects is largely unrecorded, although it has 
gone on since the dawn of civilisation. Some 
insects are useful ; some harmless and even 
beautiful. Others are serious enemies of man- 
kind : insect-borne diseases, such as malaria, 
plague, typhus, sleeping sickness and yellow 
fever, kill millions every year. In addition, 
insects compete directly with man for food : 
the losses caused by them are not accurately 
known, but some examples are of interest. 
In U.S.A. in the decade 1930/40, the loss of 
crops through insect damage cost $1200 
million ; to-day $100 million are spent 
annually in the U.S.A. on insecticides, apart 
from the cost of application. In 1948 the 
coffee berry borer cost Brazil £10,500,000 in 
damage. The virus disease which is killing 
millions of cocoa trees in West Africa is spread 
by insects. But for the tsetse fly East Africa 
might be growing more food. In total the 
losses of foodstuffs arising in these and similar 
cases must be immense : it is one which can 
no longer be tolerated in a world with a con- 
tinually expanding population to be fed. 
Fortunately we are equipped to control our in- 
sect competitors better to-day than ever before. 

There are various means of control : even 
the simple removal of caterpillars by hand 
picking is economic where labour is cheap. 
Selection and breeding of insect resistant 
plants is possible and sometimes other insects 
may be used as allies, to prey upon pests 
which are injurious to crops. The use of 
chemicals is, however, the method most 
widely employed to-day. 

Prior to 1939, insecticides used as sprays 
were usually simple stomach poisons such as 
lead arsenate, used against leaf-chewing 
insects, or botanicals such as nicotine, directed 
against sap-suckers like greenfly. In addition, 
gases were used as fumigants, either on grow- 
ing fruit or by treatment of stored food. 
During the past decade, however, various new 
insecticides, effective in very small concentra- 
tion, have been discovered, starting in 1939 
with D.D.T., followed by the gamma isomer 
of benzene hexachloride and more recently 
by many other more complicated compounds. 
Rapid progress has been made in the applica- 
tion of these discoveries ; D.D.T. is a house- 
hold word to-day and the problem is often 
not to choose a suitable insecticide but how 
to apply it effectively and economically. 
Results have been remarkable in some cases : 
for example, malaria, endemic there for cen- 
turies, has been eradicated from Cyprus by 
using D.D.T. on mosquitoes. On the food 
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production side, control is better than ever 
before in the case of such insects as wireworm, 
locust and Colorado beetle, with all that that 
can imply in increased crops. In innumer- 
able ways the new insecticides are helping 
farmers all over the world, and the tonnage 
of pest control chemicals used increases year 
by year, and must continue to increase if we 
are to ensure that fields and orchards produce 
maximum yields, and that, after harvest, the 
stored product is adequately guarded against 
loss by insect attack. 

Although even to-day the food crops 
treated against insect pests are only a small 
fraction of the total production, the increas- 
ing use of insecticides, mostly more or less 
toxic to man, has raised queries about their 
effect on health. It is true that for many 
years thousands of tons of poisonous lead and 
copper salts have been used without any 
obvious ill effects; nevertheless much 
thought has been given to the matter, and 
regulations already exist in many countries. 
For instance, the use of a small amount of 
D.D.T. in bread grain as a protection against 
weevils and beetles is prohibited in many 
countries for fear that it should accumulate 
in the body with ill-results. The ideal in- 
secticide would, of course, be persistent and 
highly lethal to the insect pest, but harmless 
to other insects, to man and to plants. It 
should also be cheap ; it is not surprising that 
it is as yet undiscovered. The relation be- 
tween biological activity and chemical struc- 
ture has not yet been adequately elucidated, 
although it had been anticipated when 
D.D.T. was first discovered that a great ad- 
vance in our knowledge of this relation would 
be made. Unfortunately, we are not yet able 
to synthesise a specific insecticide for a par- 
ticular purpose and insecticides generally are 
not yet weapons of precision and can strike 
down insect friends as well as foes. 

Concurrently with the development of the 
insecticide itself, development of spraying and 
dusting equipment has proceeded. To apply, 
at a reasonable cost, and frequently in a 
hurry, the insecticide needed to kill vast 
numbers of insects dispersed over a large area 
is a difficult problem, and at present normal 
practice in the orchard is to dilute the insecti- 
cide with large quantities of water, up to 
2 tons per acre. Such large quantities of 
liquid are now sometimes handled by auto- 
matic machines, in which dispersion is 
effected by an air blast but machines pro- 
ducing a mist are also available and some- 
times petroleum oil in much smaller quanti- 
ties can effectively replace the water. Two 
to ten gallons per acre are then enough and 
the use of aircraft becomes practicable. 
Progress in this method will undoubtedly be 
made during the next few years. 
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Although all the improvements are making 
insect pest control cheaper and more efficient, 
there still remains much to be done. In the 
British territories in East and West Africa the 
tsetse fly infests (and in effect controls) 44 
million square miles, an area 75 times as large 
as that of England and Wales, and fly-borne 
sickness is a grave danger to both man and 
domestic animals. Control is difficult and 
the use of insecticides is one of the ways pos- 
sible. Another insect still defying control is 
the Mediterranean fruit fly, responsible for 
much damage to many varieties of fruit, and 
further examples are the leaf cutting ants of 
Central and South America and the Derma- 
tobia grub which burrows under the skin of 
cattle. 

In the future there will be further advances 
in the techniques of application and the 
chemicals used will be made more specific 
and less toxic to man. There is also the pros- 
pect of using new, systemic insecticides, 
which can be absorbed by plants, rendering 
them poisonous to the insect. Crops such as 
cotton and sisal would obviously lend them- 
selves to this treatment but food crops might 
require to be treated only at an early stage, 
to avoid danger to the ultimate consumer. 
These systemic insecticides offer for the first 
time the possibility of controlling insect-borne 
virus diseases, where an almost complete kill 
of the insect is essential. 

Man has created ‘ unnatural’ conditions 
in massing large numbers of similar plants 
together, selecting and breeding them for his 
special purposes, often in an unfavourable 
climate, and such conditions make his crops 
more susceptible to insect attack. He must, 
therefore, use special devices to protect them, 
and among these devices insecticides rank 
high. 


CHEMICALS AND GREEN Crop PRESERVATION 
by 
Dr. H. S. Hirst 


THE economics of using fertilisers and weed 
killers to improve yields of green forage crops 
depend partially on the effective utilisation 
of the crops by the animals that eat them. 
* Controlled ’ grazing is most economical, but 
conservation of green forage is essential for 
winter use and for drought periods. Hay- 
making, artificial drying and ensilage are all 
used : only the latter process requires chemi- 
cals, and even then the choice and amount are 
limited by economic factors. Ideally, silage 
would have the same chemical composition 
as the original crop, and, practically, loss of 
nutrient value must be minimised. The 
losses in this country to-day, 20-25 per cent. 
are undesirably high, and amount to a large 


tonnage on the present anticipated annual 
production of one million tons, a figure which 
it is hoped to double during the next few 
years. 

At present, the practice of silage making 
has outstripped theory, but results (though 
often successful) are variable and unpredict. 
able. Farmers are therefore discouraged 
from making silage. 

Fundamental research on the process is 
hampered by ignorance of the real chemical 
composition of both green crop and silage, 
Standard feedingstuff analyses, adequate for 
practical purposes, are not good enough, | 
Research now in progress, particularly on | 
the carbohydrate and protein fractions of 
grasses and legumes, and the utilisation of 
modern techniques, such as chromotography, 
will ultimately lead to real knowledge of the 
composition of green crops at various stages 
of growth, and the reactions occurring during | 
ensilage. In a recent visit to the U.S.A. where 
over 40 million tons of silage are made 
annually, the writer found that little funda- 
mental work had been carried out since 1942. 
There was a general desire that this should be 
restarted, since the processes in use although 
giving reasonable results, are not entirely 
satisfactory. 

Appreciation of the role of chemicals in 
silage making requires some knowledge of the 
mechanism of the process. Although the raw 
material is complex and variable, the general 
course of the reaction is similar with most 
crops. After the green material is put in the 
silo, respiration continues using first entrappd 
and later intracellular oxygen carbohy- 
drates are consumed and carbon dioxide, 
alcohol and fatty acids produced. Protein 
hydrolysis occurs by enzyme action. The 
temperature of the mass rises and must be 
kept below 40-45° C. to reduce loss of 
nutrients ; the rise can be limited by reducing 
the entrapped oxygen during filling. During 
this stage, lasting 20-48 hours, intense bac- 
terial fermentation starts, and the course and 
rapidity of this largely influences the quality 
of the silage. Under favourable conditions, 
lactic acid is produced rapidly and the pH 
reduced to about 4, at which point enzyme | 
and bacterial action practically ceases and 
the formation of butyric acid and other un- 
desirable reactions stop. Unless the pH i 
reduced as rapidly as possible below 4:2 and 
kept there, the silage will probably deterior- 


ate ; and unless there is carbohydrate enough 
to feed the lactic acid bacteria, the acidity 
will not increase rapidly enough. Bacteria | 
will then feed on the lactic acid and proteins, | 
pH will rise and general deterioration set in 
with formation of butyric and other evil 
smelling products. 
From the above short description it will be | 
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nual | apparent that any green crop containing fer- upon a mixture of hydrochloric and sul- 
hich § mentable sugars, such as maize, will ensile phuric acids. His‘ A. I. V. process,’ although 
few — well, while a forage crop with a higher pro- widely used in Scandinavia with good results, 

tein to sugar ratio (greater than 1:2) such requires very careful analytical control to 

king | as young grass or lucerne will be more diffi- keep the pH between 3-5 and 4, necessitates 

ough | cult to preserve and will give a product un- the handling of strong acids on the farm and 

dict. | acceptable to cattle, though not necessarily finally, suitable neutralisation of the finished 

aged | harmful. There are some inconsistencies: silage. Phosphoric acid has been used in 
young grass may contain sugars, which may U.S.A. All these mineral acids merely serve 

ss is | not be available, whereas the legume, birds- to prevent deterioration in the initial stages : 

nical | foot trefoil, is easy to ensile. American work- it is upon the production of lactic acid by 

lage. | ers have found that ‘ wilting’ the green crop fermentation that the keeping qualities of the 

e for | down to a moisture content of 65-70 per product finally depend. 

ugh. | cent. facilitates lactic acid formation, and the Any of the four methods suggested above : 

y on | real explanation for this is as yet unknown. __ ensilage of suitable sugar containing crops, 

is of It is clear, however, that rapid reduction either as cut or after wilting, the addition of 

m of | of pH is necessary, and this can be achieved molasses or the use of mineral acids, will pro- 

phy, | by the addition of materials to promote rapid duce good silage under suitable conditions : 

f the | lactic acid fermentation, or alternatively the The addition of acid is theoretically the most 

tages | addition of acidic materials to reduce the pH _ certain, but in practice cannot be so con- 

ring | to4. Since lactic acid production is inhibited venient for use on the farm, until a non-toxic, 

here —by lack of adequate fermentable sugar, it is strong organic acid becomes available at a 

nade | advantageous to add sugar, usually as molas- reasonable cost. 

nda- | _ ses, up to 110 Ibs./ton being used in U.S.A. In spite of the volume of literature on this 

942. | Much of the food value of the molasses is subject, much fundamental data is lacking. 

id be | recovered in the final silage, and the method Improvement in the process leading to a 

ough | gives in general fairly satisfactory results. reduction in losses of nutrient to half those at 

irely Other sources of sugar, such as ground maize, present experienced would provide Britain, 
are also used in U.S.A. when 2,500,000 tons per annum of silage are 

Is in The direct addition of acid, would ob- being produced, with extra feedingstuffs 

fthe | viously best be done with lactic acid itself, equal to 35,000 tons of imported feed, with a 

-raw | but the cost of this is still uneconomically saving of £500,000, a return that would well 

neral| high. A. I. Virtanen, who studied this justify the considerable research which is 

most | method, after many experiments decided badly needed. 
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LOCAL NEWSPAPERS 


AND THE REGIONAL 


GEOGRAPHER 


BY 


J. P. HAUGHTON 


LocaL newspapers are of interest to the geographer 
as they help to show the area for which a town or 
village acts as a centre ; an analysis of the con- 
tents gives some indication of the social and 
economic life of the region. In Eire, seventy-one 
newspapers are published, of which sixty-three 
appear weekly or bi-weekly and eight, daily. 
Most of them were founded in the latter half of the 
nineteenth century but a few, such as the Kilkenny 
Journal and the Limerick Chronicle are very much 
older. In general, the local newspapers are 
marked by a serious and informed approach to 
local matters and by the absence of the ridiculous 
personal items that are so often associated with 
this kind of paper. In an effort to appeal to all 
members of the community they do not now take a 
strong political line though many of them were 
founded for political purposes : in any case they 
cannot hope to compete with the Dublin or Cork 
dailies in political influence. 

Every town in Eire with a population of 5,000 or 
over has its newspaper, with four notable excep- 
tions, Dun Laoghaire and Bray, near Dublin ; 
Cobh, near Cork, and Killarney. The first three 
towns are so close to larger towns that none of the 
many attempts made to run newspapers in them 
has met with permanent success. Killarney de- 
pends upon a seasonal tourist trade and the most 
significant market centre of the region is Tralee, 
which has two active weekly papers. The four 
major towns of Eire, Dublin, Cork, Limerick and 
Waterford have three or more newspapers each. 
Dublin supplies daily papers to all parts of the 
country: Waterford and Cork are regional 
capitals with extensive agricultural hinterlands. 
Limerick, also a regional capital, now has a new 
and successful weekly paper which brings its total 
to four : this may be an indication of the growing 
power of Limerick as the ‘ Chief city of the West,’ 
due to the development of the port as a grain centre 
and also the proximity of Shannon Airport, the 
Irish terminus for trans-Atlantic aircraft. 

Most of the papers in the west of Ireland have 
big circulation areas and the Western People of 
Ballina, with a weekly circulation of 32,000 is the 
largest of the local papers ; the Kerryman of Tralee 
has 26,000. These large circulations indicate 
first, the extremely wide areas served by the towns 
in this part of Ireland which gives them an im- 
portance out of proportion to their size; and 
second, the advantages of distance from Dublin 
which reduces the competitive power of city news- 
papers. 

Cork, the major regional capital of the south- 
west is the centre of lines of communication using 
the east-west valleys; other market towns in 
Co. Cork are declining and the Cork papers extend 


their influence as far as the Atlantic coast line, 
Waterford, like Cork, looks west rather than east, 


where its hinterland extends only to the tidal 
estuary of the Nore and the Barrow: and Water. 
ford papers hardly circulate at all on the Wexford 
side of the river. Westwards, Waterford’s influence 
extends at least as far as Dungarvan: Waterford 
shops advertise in the Dungarvan papers but the 


Cork shops do not. It is surprising to find so smalla | 


town as Dungarvan with two newspapers but this 
is partially explained by the fact that it is the ad- 
ministrative centre of the county. 

South-east Ireland is clearly separated from the 
rest of the country by the Leinster mountains and 


the Barrow estuary. This separation is reflected | 
in the circulation areas of the Wicklow and Wex. | 


ford papers which hardly penetrate outside the | 


region ; that part of the county of Wicklow lying 
to the west of the mountains is more easily served 
by papers from Naas and Carlow. 

The Central Lowland, an area of ill-defined 


natural boundaries, shows a number of overlap. | 


ping circulation areas and it is difficult to draw 
limits for any particular paper. Many of them 


circulate in relatively small numbers and most of | 
them are neither so old nor so well established as | 


those in the west. There are exceptions to this, 
notably the Leinster Leader of Naas, with a circula- 
tion of over 20,000, which serves a rich agricul 
tural area in the middle course of the river Liffey. 
Dundalk and Sligo, at either end of the lowland 
have flourishing papers and, inland, the towns of 
Boyle, Carrick, Cavan and Monaghan have news 
papers which serve smaller areas and, in places, 
also circulate across the border. Co. Donegal 
has newspapers published at Lifford (opposite 
Strabane) and Ballyshannon, but it is also served 
by papers published in Northern Ireland, either 
at Derry or at Omagh, Co. Tyrone: the Deny 
People, Omagh, has a strongly nationalistic tone. 

It was found possible in some instances to ust 
newspapers as an index to the relative importance 
of neighbouring towns. Westport and Castlebar, 
market towns ten miles one from another in west 
Mayo, both have newspapers, yet the shops d 
Castlebar advertise widely in the Westport paper 
and clearly attract custom from that part : the 
reverse does not happen. In this case, Castlebar, 
the administrative centre of the county, is it 
creasing in population and trade (4,826 in 1936 
and 4,939 in 1946) but Westport is declining 
(3,409 in 1936 3,238 in 1946). 

The main conclusions of this article are first, 
that the circulation area of a newspaper bears at 
least some relationship to the market area of the 
town in which it is published. Second, the news- 
papers show clearly the intense interest in farming 
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Map of Areas served by 
Local Newspapers 
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The map shows the areas where local papers circulate in large numbers. If several newspapers are published 

in a town their circulations are combined in order to give a composite picture. Some sections of the map 

are more accurate than others, as more information was available ; but the general pattern is substantially 
correct. 


and housing, both of which are vital issues in a 
tural community. Third, in several cases, the 
limits of newspaper circulation areas are county 
boundaries : this indicates that even if a county 
boundary bears little relation to any division on a 
basis of natural regions it has an administrative 
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significance that has given it some social and 
economic importance. Finally, it is clear that 
towns advance or decay and market areas may 
expand or contract. The newspaper study is only 
one of several possible methods of investigation of 
this problem. 


10 10 29 | 
MILES 
Ballyshanngn® 
Wicklow 


THE RELATION OF BRAIN TO MIND! 


BY 


Pror. GEOFFREY JEFFERSON 
Pror. A. D. RITCHIE 


Pror. ALEXANDER KENNEDY 
Mr. O. L. ZANGWILL 


INTRODUCTION 
by 
Prof. Geoffrey Jefferson, C.B.E., F.R.S. 


THERE have been those, and many, in the 
past who were unable to believe that the 
brain alone could be the source of mind— 
mind which is a function and not a thing. 
And of course, in a strict sense, brain is no 
more than the final end-station which the 
vast nervous system converges upon and sup- 
plies with information. In what follows I 
shall rather artificially refer sometimes to 
body and sometimes to brain ; but brain is a 
part of body and indeed the nervous system 
is so intimately woven into the body that no 
parts of it, not even the viscera, are free from 
nervous elements. 

In the days when mind and soul were 
interchangeable expressions there was a 
widespread belief that soul extended through- 
out the whole body, a view volubly put for- 
ward by the Stahlians in Queen Anne’s time. 
If a limb were chopped off a fraction of soul 
went with it. To this day the question 
whether the mind of a man is lessened when 
he loses an arm or a leg or an eye or his hear- 
ing, remains a good subject for undergraduate 
debate. We can properly content ourselves 
by agreeing that physical disabilities affect us 
and impair us only in so far as they reduce our 
powers for increasing our experience or mak- 
ing use of experiences already gained. The 
effects must differ, therefore, not only with the 
nature and situation of the injury but also 
with the age at which it is suffered. We must 
remember that to some few gifted people dis- 
ablement has conferred benefits by curtailing 
opportunities for diversion, by compulsorily 
conserving energy and canalising effort. 
They have been thinkers, poets and writers 
rather than men of action. 

The key fact of body-brain relationship is 
that brain is so dependent on body that it 
cannot exist without it. The body provides 
the energy for its nerve cells, which do in fact 
make great demands on the body’s chemistry. 
Cut out vitamin A and our retinal cones will 


1 Report of contributions to a joint session of Sections 
I and J held on Friday, September 2, 1949, during the 
Annual Meeting of the British Association at Newcastle. 
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not act, we are night blind ; cut off our thy. 
roid hormones and our mental powers flag 
and fail to the point of dementia ; deprive 
us of nicotinic acid and the same sort of 
mental consequences happen; cut off our 
oxygen and it is the brain which dies first 
and that in less than ten minutes. Similarly 
brain is sensitive to body’s toxins as we see in 
the coma and convulsions of uraemia or in 
the delirium of infections such as pneumonia. 
Its sensitivity to extraneous poisons such as 
alcohol is famous. It is not to be wondered 
at that many have taken a line through this 
and believed that minor alterations in meta- 
bolism might be the clue to mental disorder 
so that some of the mentally deranged could 
be cured could we but discover what it was 
that they lacked or had in excess. No out- 
standing success has been won in that direc- 
tion as yet to set beside the original victory 
over cretinism and myxoedema. 

The brain’s sensitivity to the body’s chem- 
istry leads me to mention the central over- 
riding controls situated in the hypothalamus 
and perhaps in the adjoining basal ganglia. 
Here chemicals or their lack act as the ex- 
citors in place of the nervous impulses which 
are the usual method of excitation in the ner- 
vous system. The most striking example is 
the respiratory centre but there are few 
systems that do not have their cerebral re- 
mote controls. The brain has in it a number 
of delicate calibrators (Verney’s suggested 
osmoreceptors are good examples) measuring 
the chemical constituents of the blood sup- 
plied to it within a band of the upper and 
lower limits of its normal demands. Some 
are thermo-regulators that adapt the tem- 
perature of the blood to environment and 
physical effort. 

The importance of these cerebral controls 
of metabolism, indeed their very discovery, 
has been a feature of research during the last 
twenty years. It was a fascinating discovery 
that nerve-cells responded not only to im- 
pulses reaching them along nervous pathways 
but that some special cell groups were sen- 
sitive to chemical stimuli. It seems to me 
that the discovery of the hypothalamus and 
of the brain’s eventual participation in meta- 
bolism gives the answer that philosophers 


$0 
bre 

pu 
wa 
em 

= ane 

im 
inj 

for 
led 

gr 
ma 
the 

ti 
div 
the 

it 
ma 

cal 
tha 
lon 
mu 
bac 

nes 

ho 

co 

tex 
finc 
cov 
por 

co 

the 
the 

the 
dire 

tha 
colc 
blac 

and 
ente 
kno 

thi 

fea 
affe 

of 

cen 
ine 

ad 

call 
chia 
too 

tial 

as a 

so 
in a 
and 

see 
The 
|_| 


sought for solong. When they had to regard 
brain as a purely mental organ they were 
puzzled by its sensitivity to bodily ills by the 
way that its actions were ruffled by the 
emotions, the passions, as they said, of the 
soul. But if their discovery had an import- 
ance for the philosophers they were of greater 
import still to the doctors. It is because of 
their presence inside the skull that cerebral 
injuries and diseases are dangerous to life, 
for otherwise the most serious should have 
led to the mad-house rather than to the 
grave. One can only look at the body as a 
machine with many reservations, but with 
these in mind we see that the body the whole 
time measures its metabolism and corrects any 
divergences likely to be harmful. Thus in 
the circulatory system also the heart does, as 
it were, take notice of the pressure that it is 
maintaining in the blood vessels by means of 
calibrators. It is through the nervous system 
that most of these controls are exercised in the 
long run. It does these things because it 
must, without thought, for all these ‘ feed- 
backs’ are completely beneath our aware- 
ness.) Cannon summed it up in his phrase 
‘The Wisdom of the Body,’ or more briefly 
homeostatis. 

Although we are unaware of them, these 
controls are certainly linked up with the cor- 
tex from the hypothalamus. We are not 
finding the connecting pathways easy to dis- 
cover and we still lack news of any highly im- 
portant bundles unless they are those that 
come from far back on the orbital surfaces of 
the frontal lobes. But there is no doubt that 
there is a two-way traffic, from the cortex to 
the hypothalamus as well as in the other 
direction or at least we judge from the effects 
that thinking disturbing thoughts has on the 
colour of our cheeks, sweat glands, on our 
digestion, the movements of intestines and 
bladder. These are the effects of emotion 
and as for emotion we can be certain that it 
enters into all the actions of our minds. We 
know well how the emotions can disturb our 
thinking, notably on occasions that cause 
fear or embarrassment. If emotional or 
affective drives become insistent and devoid 
of normally adequate cause they make con- 
centration and right judgment difficult or, 
in extreme instances, render us fit subjects for 
admission to mental hospitals. We should 
call these changes emotional. Now, psy- 
chiatrists regard mental disturbances not due 
to organic disease (and most are not) as essen- 
tially the result of lack of emotional balance, 
as affective disorders. Emotion, they say, is 
so woven into thinking that it can be found 
in all that goes on in our minds. Emotion 
and instinct go hand in hand, and so animals 
seem to be much more emotional than men. 
The development of the cerebral cortical 
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mantle has provided us with more powerful 
inhibitions which serve us well enough. And 
yet so powerful are instincts and emotions 
that they may disorder the patterns of our 
lives or in milder forms cause us acute em- 
barrassment. 

This could be illustrated by charts of 
vocabulary and intelligence tests before and 
after leucotomy ; the I.Q. is sometimes higher 
after this destructive operation, because 
thinking had been interfered with by emotion. 
The operation of leucotomy has been found to 
serve by reducing the lower level drive of the 
emotion on to the brain. To use Freeman’s 
phrase, it ‘ bleaches the affect,’ and thus it 
can make the emotionally deranged think 
better. This I found to be true some years 
ago as the result of my experience with sub- 
total removal of the right or left frontal lobe. 
An experience that now nears 150 cases 
where the lobes have been removed for brain 
tumour has caused me to modify my early 
impressions but little. The one great lesson 
that runs through all my experiences of brain 
surgery is that however much a person is 
changed by disease or injury of his brain he is 
never changed into somebody else but only 
into some modification of himself. It is im- 
portant that I should make this statement, 
even though it seems to be so probable, 
because a few have got the incorrect im- 
pression that a surgeon could turn one person 
into another, could change Mr. A. into Mr. 
B. by an incision here or there in the brain. 
This is fantastically untrue. All that could 
happen would be that Mr. A. became Mr. 
A.1 or A.2—remaining always recognis- 
ably and unmistakeably ‘A.’ The change 
has been in quantity and not in quality but 
always minus. In the same way there is a 
widespread belief that damage to the frontal 
lobes uninhibits a person and the lack of 
inhibition has in particular a sexual direction. 
I have not found this to be true. I can sum 
up my experiences with the conclusion that 
effect of any brain lesion on the personality 
of the individual depends on the answer to 
the question ‘ who was this person before the 
disorder started, what was he or she like?’ 

I referred to two ways in particular in 
which body is linked to mind and so far I 
have dealt with but one, body as brain 
energiser and an important partner in the 
emotions. I come now to the part played by 
body as a vehicle for the outriders of the 
brain, in the form of the peripheral nerves 
and their endings, to the cranial nerves and 
the special senses. The particular import- 
ance of the human hand for instance is not 
alone all the clever things that it can do but 
its extreme adaptability for exploring our en- 
vironment. So all our body and limbs, our 
sight, hearing, touch, smell, taste are means 
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by which we explore our environment. Our 
nervous systems are the means by which we 
collect the data of experience, by which we 
store them as memories, by which we make 
use of them for the satisfaction of our needs. 
If we look at the evolution of the nervous 
system we see it as a developing means of in- 
creasing the powers of its possessors to acquire, 
to store and to use the experience provided 
by the environment (physical and biological). 
That, in brief, is as good a definition as I 
could give of what the purpose of the brain is 
—to collect, to store experience and to make 
use of it. Body helps brain by giving it in- 
creased possibilities to be aware of the world 
in which it lives and finally, in man, to form 
concepts about it. And not only about that 
relationship but about itself, the ego, an 
awareness of self as an individual which we, 
possibly rashly, assume that animals lack. 
How dependent the brain is on its com- 
munications which the body carries and pro- 
tects for it, we know by the constant traffic 
impulses passing up our nerves and spinal 
cords entering through our eyes and ears and 
entering our brains. We know that the 
nerves are never silent but it would perhaps 
bring it home more clearly if we were to 
imagine that each member of today’s audi- 
ence had an electronic pick-up in his spinal 
cord connected with a loud speaker. If that 
were so the roar made by the impulses 
streaming up would make such a noise that 
my voice could not be heard. When all our 
afferent pathways are damped down as can 
be done by closing the eyes, by stuffing 
cotton-wool in the ears and lying recumbent, 
wound up firmly in blankets, it is almost im- 
possible not to go to sleep. By these means a 
sort of de-afferentation has been carried out 
and whenever the inflow of impulses is cut 
down in our ordinary life the tendency is to 
sleep. So it is that sleep rather than elec- 
trifying invention is the usual result of silence 
with closed eyes in a comfortable chair ! 
These observations strongly suggest that 
the inflow, the afferents of the nervous system, 
are important to it. Not merely important, 
but vital. For the mind must be given by its 
afferents richness and variety of experience, 
be given a wide selection from which choice 
can be made of those things that have a 
singular attraction, importance or usefulness, 
so that choice may be made from variety. 
We witness in body-mind relationship the 
wonderful partnership between body and 
brain, brain using body as a means to enlarge 
its experience and body providing brain with 
opportunity for pleasures of different kinds, 
body providing brain with the energy, the 
varied fuels which it consumes, brain re- 
sponding with concern for body’s welfare and 
taking care to ensure it. These interplays 
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out, as I have mentioned, by ingenious 
regulators, governors of ‘ feed-back ’ mechan- 
isms. At this point we may enquire fully 
how mechanical is all this? Is everything 
predetermined ? Do we do all that we do 
because we must, because that is the way we 
are wired ? 

I have no doubt that many of our thoughts, 
our decisions, our actions, are much more pre- 
determined than we imagine. That fine set 
of prejudices, our opinions, are largely the 
fixed ideas that our brains trot out when the 
given stimulus is applied. Much has properly 
been made of men’s ability to choose and 
judge. We agree that in range and parti- 
cularly in concept and abstraction human 
beings have great advantages over other 
animals. All animals make choice, of course. 
They must do so to live. And very many of 
the choices we make in our daily lives, 
whether it be simple things like choosing 
dishes from a menu or deciding whether to 
take an umbrella, are familiar problems. 
Most of the time we do what we did yesterday 
and will do tomorrow. I fancy that many a 
man might go through a whole day without 
really thinking, so routinely do our lives run 
that our problems are only just above the 
level of animal intelligence. I take it that 
difficulty in choice increases sharply the more 
experience and conditioned reflexes fail to 
render the solution easy. We are made 
positively uncomfortable by difficult choices. 
In all events it is probable that we shall say 
or do this or that as our personalities and 
individual histories dictate. I do not think 
that ‘ free will’ has much meaning for the 
physiologist, who rejects the doctrine of rigid 
automatism for nervous systems rich in 
synapses. Man’s range of choice is so varied 
and the personal history that influences his 
decisions not only so colourful, but its in- 
gredients so plastic and of such changeable 
weight, that there are enough variables to 
make ‘will’ to all intents and purposes 
‘free.’ In choice between several evenly 
balanced possibles, chance might be the final 
arbiter. But no man in his senses can deny 
that man can over-ride by an effort any 
mechanical trends to take such and such a 
course and do what he thinks right. Perhaps 
that is what we mean by ‘ second thoughts.’ 

It is noticeable that it is commonly in his 
misdemeanours and his failures that man 
complains that he is the plaything of the gods 
or the victim of his genes. 

I have recently had occasion to discuss 
what I called ‘ The mind of mechanical man.’ 
I concluded that although there are close 
similarities between the actions of some 
specially constructed electronic circuits and 
the simpler types of neurons found in the 
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spinal cord, we have no right to conclude 
that there is identity nor that mental pro- 
cesses are carried out by exactly the same 
mechanisms. It may be that they are, but it 
cannot be proved that they are. The fact 
that there are many in this mechanistic age 
ready to jump ahead of the facts is interesting, 
but neither their number nor their names 
gives any authority beyond the meagre facts. 
The new anthropomorphism is not of God 
but of the machine. The caution of my own 
approach does not mean that I believe that 
mind, if it is not electronic, is necessarily 
supernatural. What I do say is that we do 
not know ; we do not understand how ner- 
yous impulses are converted into thinking, 
and my reading of the history of science has 
taught me that our chief errors have been in 
solving the riddles of Nature by stretching an 
explanation to cover something where it does 
not really apply. We must therefore make 
our excursions into the unknown fully realising 
that we may be using the wrong instruments 
to guide us. On those terms and on those 
alone the electronic experiment is interesting 
and possibly rewarding. So far it cannot be 
carried beyond analogy with the simpler 
sense impressions up to the point of their 
arrival in the brain. It is then that the real 
mystery, or if you prefer it, our real ignorance 
begins. Consciousness itself, by which I 
mean not only response to but awareness of 
our surroundings, is I believe arranged for at 
sub-cortical level. A very primitive nervous 
system suffices for consciousness. Animals 
are extremely alive and conscious without 
being markedly intelligent—witness the be- 
haviour of the dog (though I fear that that 
remark will bring deluges of expostulation). 
So that for me at least intelligence is not the 
same thing as consciousness though tne latter 
must be present for mind to make itself 
evident. 

I have pointed out that the essential basic 
fact about the nervous system is that not only 
the sensa but the percepta of most of our ex- 
perience are wordless. Animals have the 
same sensory mechanisms for seeing, smelling 
and hearing (some better than ours) for 
selecting data and perceiving them but they, 
like most of ours, do not need speech. In us 
the power of making those interrupted tone- 
laden sounds which we call speech is infinitely 
richer than anything that the animal pos- 
sesses. But I am sure that the prototypes of 
speech exist in lower animals and find their 
expression through voice and gesture. They 
must, and do, express much by their whole 
body responses, being deprived of the sec- 
tional richness that our own body gives us. 
But gesture, too, in man is much richer and 
much more embued with nuance than is the 
animal. What is so funny and so delightful 
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about the pantomime cat or horse is to see it 
making gestures that are entirely human, the 
beckoning paw, the wink, the shrugged 
shoulders, the expressive posture. We see in 
these artificialities the elaboration of some- 
thing that we have in common, and recognise 
what we had hardly suspected, that even 
simple gestures require a richly integrated 
nervous system to permit their use. So it is 
with the voice and the power that it gives us 
to express concepts. But surely here, too, the 
power to express concepts depends on the 
power to formulate them. This is the funda- 
mental difference where man rises high above 
all other species. 


THE RELATION OF Bopy AND MIND 
by 
Prof. A. D. Ritchie 


I PROPOSE to consider two types of theory 
about the relationship of body and mind ; 
the two which have been most commonly 
held, based either upon the idea of Inter- 
action between distinct substantial entities, 
or else upon the idea of Parallel Processes 
without interaction. I am setting aside 
theories which obliterate the distinction be- 
tween body and mind as committing the 
fundamental error of explaining things away 
instead of explaining them. This applies 
equally whether theory says there is really no 
such thing as matter or no such thing as mind. 
The latter theory has the additional dis- 
advantage of being self-contradictory, for, 
whatever the nature of theories may be, or of 
their truth and falsehood, they are not 
material objects or processes or anything else 
material. 

The Interactionist Theory was put forward 
in its classical form by Descartes, and ever 
since much of our habitual thinking on these 
subjects has followed his lead. The theory 
begins by recognising the distinction univer- 
sally made and embedded in all thought and 
action, between the intelligent purposive 
behaviour found among human persons and 
the non-intelligent, non-purposive, generally 
mechanical processes found among inanimate 
things. Ifa man who bumps into a lamp- 
post takes off his hat and apologises we can 
be sure he is very drunk, since he fails to make 
a distinction all sober men make without fail. 
It is true there are troublesome intermediate 
cases where the distinction is hard to draw, as 
in the behaviour of the higher animals. 
Primitive man was never quite sure that 
inanimate things are as inanimate as they 
look ; he might well suppose it safer to 
apologise to a lamp-post, just in case ‘ 

This distinction implies on the face of it 
some sort of interaction, when persons operate 
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on things and things on persons. This 
created difficulties when the distinction 
hardened into the notion of separate sub- 
stances ; souls or minds which were taken as 
immaterial because mental, and bodies which 
were taken as non-mental because material. 
Thus the human organism was taken to con- 
sist of two wholly different parts somehow 
joined together and somehow interacting. 
Even in Descartes’ time the difficulties of 
upholding the theory had become acute, 
particularly because the body was taken to 
be a piece of machinery. Moreover trans- 
mission theories of sensation had developed 
and were taken to mean that the mind in see- 
ing or hearing does not see or hear what 
common-sense supposes to be the object of 
sight or hearing, but something quite different 
in quite a different place ; namely the hypo- 
thetical end-product of a long chain of phy- 
sical processes intervening between the object 
and the brain of the percipient. 

For simplicity let me take the problem first 
from the side of conation, of voluntary con- 
trol. If the body is like a machine it is 
natural to conceive the mind’s relation to it 
as like that of driver or pilot operating his 
machine by means of controls. There should 
be one set of controls, not more. Descartes, 
acting on this supposition, looked for a single 
control organ in the brain. His arguments 
for choosing the pineal body were sound 
enough in view of the knowledge of his day, 
which of course was entirely without any 
inkling of cell structure and very naturally 
looked on the ventricles as the most important 
part of the brain. We can see now how 
wrong he was, but was his mistake solely due 
to his ignorance of the anatomy of the brain ? 
As Sherrington has pointed out there is no 
sign of monarchy in the brain, no master cell 
controlling the others, rather a republic of 
millions of cells. It is very unlikely that any 
further knowledge of brain anatomy will 
cause Sherrington’s verdict to be set aside and 
reveal a controlling organ, in frontal lobes, 
hypothalamus or anywhere. To single out a 
special region as the seat of conscious or 
voluntary processes is to repeat Descartes’ 
error, and entirely without his excuse, lack of 
anatomical knowledge. What is wrong is the 
whole analogy of machine and pilot, as should 
be obvious when we consider that the pilot 
actually works the controls by mechanical 
means, by hands and feet. 

Consider now the sensory side. In com- 
mon speech I say that I have a pain in my 
toe. The transmission theory as_ usually 
interpreted will not admit this. The ‘ pain’ 
it is said is not in the ‘ toe,’ nor does the ‘ toe’ 
belong to the ‘I.’ Only physical processes 
go on in the toe. The toe can be removed 
and the ‘I’ appears to be unaffected, while 
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the pain (or something very like it) can be! 
produced by stimulating the central stump 
of the appropriate nerve fibres. The story | 
is that the purely physical processes in the 
toe produce other purely physical processes 
in the nerves, these are transmitted through 
various lower centres to the higher centres of | 
the brain, and somewhere there (conveniently 
inaccessible to observation) the purely physical 
is transformed into the mental, the pain, 50 | 
that at last the ‘I’ can feel it. One may be | 
careless in the use of language in saying, ‘I | 
feel a pain in my toe,’ after the manner of 
commonsense ; but it is not nonsense. To | 
say, ‘I feel a pain in my cerebral hemi. | 
spheres,’ instead, is nonsense. Yet on the | 
Cartesian view we are driven to it, and most 
modern discussion is Cartesian to all intents 
and purposes. 
Clearly one difficulty is that, if body and 
mind are so different and separate, inter- 
action between them is difficult to conceive, 
Suppose then we give up the idea of there | 
being interaction in any ordinary sense and 
take the physical processes as going their own 
way undisturbed and the mental going their | 
way, but that in some parts the two series are | 
in some way parallel. Then certain sorts of | 
physical processes would always accompany | 
certain sorts of mental process, and vice | 
versa. Observation should be able to check 
this supposition and some kind of functional 
relation should appear. The supposition has 
stimulated a good deal of work and produced 
some interesting results. Interesting, but 
curiously disappointing. 
At one time the Weber-Fechner Law was 
taken as providing the basis for a scientific 
study of Psycho-physics by stating a mathe- 
matical relation between stimulus (physical) | 
and sensation (mental). The Law, however, | 
states the relation between two physical quan- 
tities, namely total stimulus and least dis- 
tinguishable increment of stimulus ; the 
‘psycho’ part is assumed to be parallel, not 
found to beso. The simple logarithmic rela- 
tion stated by the Law holds only for some | 
sensory processes and for limited ranges of | 
intensity. Still, in a vague way increasing 
intensity of stimulus does correspond to in- 
creasing felt intensity or intensity of response. 
If that were not so we should never have 
started talking about intensities at all. 
Again we say that spectral colours as sensed | 
correspond to certain wavelengths of light, | 
and that is undoubtedly the case. Yet so far i 


as sensation goes, most pure spectral tints can 
be matched by stimuli of mixed wavelength. 
By inspection we cannot tell whether 4 
coloured light is physically simple or complex. 
There is no order in the sequence: red, 
orange, yellow, green, blue, violet, parallel to 
that of wavelengths. There is nothing about 
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blue to make it look ‘ shorter ’ or ‘ more fre- 

uent’ than red, or to suggest anything 
periodic or any one sort of physical process 
rather than another. In short, parallelism 
is assumed ; itisnotfound. Moreover wave- 
length of light is not transmitted in the ner- 
vous process, where frequency of impulses is 
correlated with intensity and not with colour. 
There is nothing about any electrical or 
chemical process in nerve cell or fibre the 
least bit parallel to sensation of red or green. 
Some sort of correlation there is, of a vague 
and indefinite sort, but not much more. 

Consider a further example from the aspect 
of emotion. It is well known that in the 
emotional states of rage and fear adrenalin 
appears in the blood and all the obvious 
bodily signs are due to its action. But rage 
and fear are very different emotions as every 
one knows from his own personal experience 
and from observing others, even though fear 
may turn into rage. The emotions are dif- 
ferent, but their physical correlate, adrenalin 
with its effects, is one and the same. This is 
because the physiological function of adrenalin 
is preparation for violent action, equally use- 
ful for running away or fighting. It is their 
violence the two emotions share in common, 
not their specific character as emotions or 
feelings. Again, parallelism has to be as- 
sumed ; it is not found. 

In conclusion, interaction in terms of 
separate substances cannot be accepted as a 
satisfactory account, but to give up the idea 
of interaction does not make things more 
satisfactory. It is helpful to discuss the ques- 
tion in terms of process rather than substance, 
but the notion of parallelism does not seem to 
be helpful. I would suggest that the funda- 
mental difficulty to understanding is inade- 
quate physical theory ; now, as in the time of 
Descartes. First, it should not be assumed 
that because an observed process is physical 
(and how otherwise could it be observed ?) 
it is therefore not mental. Secondly, it is 
important to avoid what Whitehead has 
called ‘ the fallacy of simple location.’ For 
the purposes of classical physical theory it has 
been a convenient simplification to assume 
that because something is found to be in- 
cluded in one place it is excluded from all 
others. Thus the transmission theory of 
sense has assumed that if there is correlation 
between mental and physical processes it 
must occur at one place where one physical 
event is occurring and therefore not at another 
where another physical event is said to occur. 
It is also assumed that the various parts of the 
physical process of transmission which are 
seen as differing in spatial and temporal 
position can each be treated in isolation. 
Commonsense refuses to dissociate the pain 
from the toe or the visual sensation from the 
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external object. Commonsense may be right 
and traditional scientific ways of considering 
the subject wrong. 


DIsORDERS OF VISUAL SPACE PERCEPTION 
IN- Cases OF BRAIN INJURY? 


by 
Mr. O. L. Zangwill 


THE aim of this paper is to draw attention to 
some disorders of visual space perception 
associated with injury or disease of the 
posterior portions of the brain cortex. Dis- 
orders of this nature have long been known to 
clinical neurologists, especially through the 
work of Gordon Holmes and Pierre Marie, 
but it is only in quite recent years that they 
have engaged the attention of the experi- 
mental psychologist. In this paper, some 
illustrations of visual-spatial disability asso- 
ciated with circumscribed lesions of the right 
cerebral hemisphere are considered. As all 
the patients concerned were right-handed, 
and showed no disturbance of language, it 
may be concluded that the affected hemi- 
sphere was the so-called ‘ minor’ one. Un- 
like aphasia, therefore, visual-spatial dis- 
abilities may be provoked by lesions of either 
hemisphere and show no exclusive relation- 
ship to the hemisphere dominant for handed- 
ness and speech. 

Two cases of brain-injury are described in 
which disturbances in the visual-spatial 
sphere were exceptionally pronounced. The 
first case was that of a healthy right-handed 
man, aged 35, who sustained a penetrating 
wound of the right occipito-parietal region 
of the brain. While convalescent, this 
patient experienced slight difficulties in dis- 
tance-judgment and became easily confused 
in finding his way about the hospital. On 
examination, he showed a left homonymous 
visual field defect, complete in the lower 
quadrants and incomplete in the upper, to- 
gether with some tendency to neglect seen 
objects on his left-hand side. He made gross 
errors in localising objects presented in the 
intact portion of his left half-field, thus dis- 
playing the symptom of unilateral visual dis- 
orientation described by Riddoch. The 
nature of these errors, which were carefully 
analysed by special procedures, suggested 
that there had been a deformation of the 
visual co-ordinates and a systematic disturb- 
ance of distance judgment. Apart from these 
unilateral disabilities, moreover, the patient 

1 The studies reported in this paper were undertaken 
at the Brain Injuries Unit, Edinburgh, under the 
direction of Professor Norman M. Dott, F.R.C.S.E., 
and at the Psychological Department of the National 
Hospital, Queen Square. The writer wishes to express 
his sincere gratitude for the encouragement which he 


has received from Professor Dott and from the Medical 
Committee of the National Hospital. 
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displayed a peculiar disorder of visual per- 
ception in its spatial aspects. Although able 
to perceive objects, colours and print in 
central vision without the slightest difficulty, 
he was quite unable to appreciate even quite 
simple spatial relationships. Thus he made 
the most grotesque errors in copying the 
simplest geometrical patterns and was quite 
unable evenly to fold an ordinary piece of 
paper in four. His drawings of common ob- 
jects from memory lacked all perspective and 
might show a bizarre confusion of planes. 
Although the separate parts of an object 
might be correctly drawn, their articulation 
was grossly at fault. On so-called ‘ perform- 
ance tests’ of intelligence, e.g. Kohs Block 
Designs, the patient’s score was on the level 
of mental defect despite the fact that his per- 
formance on verbal tests reached a good 
average intelligence level. The patient’s 
topographical memory was also slightly at 
fault and even after many weeks in hospital 
he remained unable to draw a recognisable 
ground-plan of his ward. In short, this 
patient showed a gross disorder of visual- 
spatial judgment with negligible changes in 
other spheres of mental activity. The respon- 
sible cerebral lesion was well-circumscribed 
and involved principally the upper borders of 
the supramarginal and angular gyri of the 
right hemisphere. 

The second patient was a right-handed man 
of 47 who sustained a compound fracture of 
the skull in the right occipito-parietal region. 
After a short period of disturbed conscious- 
ness, the patient presented a picture very 
similar to that described in the first case. 
Apart from the perceptual defects, however, 
marked anomalies in ocular fixation and 
oculo-motor control were apparent. These 
defects, which may have been apraxic in 
nature, exacerbated the perceptual disability. 
This patient, like the first, was quite unable 
to draw or copy simple designs or to under- 
take ‘ performance tests ’ of intelligence. He 
also experienced some difficulty in finding his 
way about and in recognising rooms and 
buildings which should have been quite 
familiar tohim. Although this patient made 
an almost complete recovery, he reported 
residual difficulties in skilled manipulative 
work which persisted for many months. In 
particular, he was quite unable to continue 
his hobby of watch-repairing. The brain 
lesion in this case involved predominantly 
the right angular gyrus and the adjacent 
anterior portion of the occipital lobe. 

Disabilities of the same nature as those 
described have more recently been investi- 
gated in eight cases of cerebral lesion invol- 
ving the occipitoparietal area of the right 
cerebral hemisphere. All of these patients 
have shown, in varying degree, the peculiar 
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disturbance of visual judgment to which 
In general, cases | 


reference has been made. 
presenting the more severe grades of visual. 


spatial impairment have also shown disturb. i 


ances in their wider spatial orientation, 


Thus three patients in this group reported ; 


episodes of getting lost in familiar surround. 
ings and two were quite unable to describe, 


let alone to draw, familiar routes and street. . 


plans. 
ory was unaffected. 
intellectual defects in these cases are narrowly 


bound up with spatial appreciation and | 


psychological disturbances of other kinds were 
uniformly absent. 

An attempt is being made to subject these 
disorders of spatial sense to a more intensive 
experimental analysis. In the first place, 
photographic records of eye-movement are 
being made with a view to elucidating the 
part played by oculo-motor defects in the 
total picture. In the second place, studies 


In all other respects, however, mem. | 
It is notable that the | 


of the visual co-ordinates suggest that a | 


systematic deformation of the visual field has 
occurred in certain cases. In these cases, the 
horizontal and vertical as assessed visually by 
the patient no longer correspond with the 

‘true’ horizontal and vertical. The precise 
significance of this shift for visual disorienta- 
tion remains to be defined. In the third 


place, investigations are being made of | 
changes in the perception of depth and dis. | 


tance. 


Although some preliminary results | 


are available, it is hoped to communicate the 


findings in detail at a later stage. 

In conclusion, it is argued that syndromes 
of the kind described in this paper are hard 
to interpret in terms of conventional psycho- 
logical categories. 


The peculiar fragmenta: | 


tion of visual space noted in our cases does | 


not correspond to the loss of any recognised 


— 


normal function, such as visual attention or | 


spatial ability. 


It is suggested, however, | 


that certain concepts developed by the | 
Gestalt school of psychology might have ) 


relevance to this study. 


Visual perception, | 


according to the Gestalt theory, involves the | 


distinction of ‘ figure’ and ‘ ground.’ The 
differentiation of a world of objects from the 
amorphous framework of visual space is 
regarded as a positive achievement of the 


organism. Like other high-grade functions, } 


moreover, it depends upon the integrity of the 
cerebral cortex. If we suppose that this view 


is broadly correct, it might be possible to | 


interpret our findings in terms of a disruption 
of the spatial framework necessary for 
coherent perception. Objects and 
qualities are perceived and understood but 
their relationship in space is no longer an 
ordered one. Even the co-ordinates of space 
may be deformed and inconsistent. The 
principles of connexion between objects, oF 
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even between different parts of the same ob- 
ject, are no longer understood. In technical 
language, we may say that there is an agnosia 
for spatial articulation. Finally, it may be 
suggested that, in the organisation of the 
spatial framework, activities of the ‘ minor ’ 
cerebral hemisphere play an important part. 
The precise relationship of the two hemi- 
spheres in visual perception remains a fas- 
cinating topic for future research. 


BRAIN STRUCTURE AND MorRAL VALUES 
by 
Prof. Alexander Kennedy 


It is said that nature abhors a vacuum and 
certainly human nature abhors the emptiness 
of an unsolved problem. When we seek an 
explanation of human thought and behaviour 
in physical terms, the gaps in our knowledge 
are at present so great and the questions 
which must be left open so many that there is 
a very great temptation indeed to explain 
on purely speculative lines those human 
trends which at present elude a physical 
approach. The concept of mind embraces a 
variety of such working hypotheses and while 
it has afforded comfort to those who cannot 
tolerate a state of scientific doubt, it has intro- 
duced much confusion, especially in the 
matter of terminology. ‘The existence of 
mind is an assumption based on the ex- 
perience of consciousness and the need to 
interpret human behaviour in terms of it. 
Until consciousness as an experience can be 
explained in purely physical terms, systems of 
psychological dynamics assuming both a 
mental and a physical determinism will be 
necessary aids to thought. They must, how- 
ever, be used with a full realisation that they 
are mere ideas and that they are subject to all 
the fallacies of the symbolic language in which 
they are expressed. It can be regarded as 
doubtful whether further work can clarify the 
relation of brain and mind, although it may 
explain in terms of brain phenomena of which 
we can only think at present in hypothetical 
terms of mind. Whether the province of 
mind can eventually be invaded by the 
growth of our knowledge of brain to such an 
extent that the concept of mind is no longer 
hecessary, must depend on whether our own 
brain is sufficiently developed evolutionally to 
achieve a comprehension of the intricacy of its 
_ Own mechanism. If it is not, then there are 
_ forbidden truths which we can never know. 

The functional units of which the nervous 
system is composed operate in accordance 
with relatively simple natural laws, but their 
vast number and the complexity of their inter- 
relations is such that it is not possible to pre- 
dict how the Central Nervous System as a 
Whole will react in any set of circumstances 
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on the basis of the known and predictable 
behaviour of its individual components. 
So much so, that the principle has emerged 
that in a relationship of this complexity the 
whole is more than the sum of its parts. 
Consciousness may be regarded as an attri- 
bute of the central nervous system in action 
which is not resident in its component 
elements but is a product of their integrated 
activity. It is dependent on the continuity of 
certain pathways and requires for its main- 
tenance an input of sensory stimuli from with- 
out or within. An isolated nervous system is 
without the material from which conscious- 
ness is fashioned. Because they are more 
evident to us and more striking we have been 
apt to pay more attention to the cognitive and 
affective aspects of consciousness. It is, how- 
ever, with the effects of morbid conditions on 
conative awareness that this paper is concerned 
—on the individual’s awareness of his impulses 
and strivings and the pattern of his actual 
conduct in relation to the milieu in which he 
knows himself to be. 

When a sensory stimulus reaches the brain 
it is brought into relation with the results of 
previous sensory experience. The arrival of 
new sensory material initiates a process of 
checking and re-checking against previous 
memory traces. The granular cortex of the 
brain is evidently essential to this process, for 
its destruction on a large scale causes gross 
defect of memory. The cortex is not, how- 
ever, to be regarded as the seat either of 
memory or of conciousness as both experi- 
mentally and clinically it has been shown that 
the formation of percepts and the process by 
which these are welded into awareness of 
one kind or another can be interrupted in a 
number of ways. Since lesions in two or 
more different places can produce the same 
result, it is likely that the checking process is 
dependent on the integrity of some kind of 
system of consecutive pathways of which the 
cortex formsa part. There are in fact certain 
parts of the brain where a very small lesion 
will have a very profound effect. Small 
lesions in the hypothalamic area may not 
only abolish consciousness but may induce 
in the cortex a suspension of the rapid elec- 
trical rhythms which we associate with its 
activity in the presence of incoming sensory 
stimuli. <A possible explanation of this is 
that this area is involved in a circuit upon 
which consciousness depends, and forms, so 
to speak, a bottleneck through which impulses 
must constantly be passing if awareness is to 
be maintained. 

The word consciousness has been used so far 
in a rather wide sense and it is necessary now 
to define its attributes and the activities which 
itembraces. In the first place it can be rela- 
tive, the degree of awareness depending on the 
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amount of component activity involved in any 
one integrated moment of awareness. Its 
intensity will vary, too, with the extent of 
development and intactness of the nervous 
system. The moron or the man with his 
eyes shut will be in this sense less conscious than 
the normal. Its intensity will also vary with 
the strength and emotional tone of the stimu- 
lus which is keeping it in being. Further, 
awareness is not necessarily fully conscious. 
While attention is directed to one topic there 
may be differing degrees of marginal aware- 
ness of others and much of that which psycho- 
pathologists call the unconscious may lie 
within this definition of consciousness. 
Awareness may thus be relative both in 
quantity and intensity. Further, conscious- 
ness in this sense is at birth an undiscovered 
country which has to be developed in the 
course of the individual’s life. The total of 
his awareness will increase with his experience 
and the extent to which he explores the 
number of potential pathways with which 
his constitution has endowed him. 

It would appear reasonable to suppose that 
awareness in relation to speech and behaviour 
or of any action on the part of the individual, 
depends on similar mechanisms to those 
which make him aware of his surroundings. 
The individual is aware of what he does or is 
inclined to do and the suitability of his be- 
haviour is checked both in advance and 
during the act by reference to patterns 
already resident in the nervous system. Jf 
the checking is carried out at the stage when the 
act ts merely contemplated, the individual is then 
exercising foresight. In any investigation of 
conscious or foresightful behaviour we are 
handicapped by the fact that destructive 
experiment on the human subject is not 
possible, and we must therefore wait for such 
natural experiments brought about by disease 
or injury as come our way. In the case of 
speech it is now 125 years since Bouillaud 
collected the first series of cases in which defect 
of speech was accompanied by cerebral dis- 
turbances and we have been able during this 
time to collect a great body of clinical obser- 
vations and pathological findings. In the case 
of disturbances of character, of moral aware- 
ness or of ethical valuation, we have been 
handicapped on the one hand by the difficulty 
in establishing the norm and on the other by 
the prevailing notion that there is necessarily 
something ‘ higher’ about this kind of activity, 
both in the spiritual and the Jacksonian sense, 
which exempts it from physiological scrutiny. 

A favourable opening for inquiry on these 
lines has, however, been provided by two 
natural experiments which have allowed us 
to examine gross disturbances of morality and 
social responsibility in association with fairly 
circumscribed lesions in the brain. One of 
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these is the world outbreak of epidemic en.) 


cephalitis which reached its height between” = 
1918 and 1926 and the effects of its selective | res 
damage to the nervous systems of its victims} Self 
while the other is the advance of neuro-surgery | atte 
to a point where the frontal lobes can be re. of; 
moved in the case of tumours in that are | Rar 
together with the introduction of pre-frontal gion 
leucotomy by Moniz in 1936. Withinrather Ties 
broad anatomical limits these conditions haye | sym 
shown that gross disturbances of social and) api 
ethical valuation can be brought about by | resp 
the interruption of nerve tracts within the | Fr 
frontal lobes and by lesions in the neighbour } jg jy 
hood of the hypothalamus and subthalamus | onc 
The questions which arise from consideration | (1 
of the results are: What is the mechanism | 
which they have interrupted and what hasit | 
to do with morality of which we are s| 
accustomed to speak in entirely non-physical 
terms ? (2) 
Epidemic Encephalitis 
At the time of infection some of the patient | 
had an acute and severe inflammation of the | 
whole brain but many of those examined had (3) 
evidently suffered only a mild attack which| 
was not always recognised at the time for what ) 
it was. After a period of weeks or months the / 
first symptoms of inflammation subsided and | II. 
the disease smouldered on in the basal ganglia, | 
hypothalamus and midbrain. Its position Tol 
was usually indicated sooner or later by Loss 
symptoms and signs referable to area  consic 
the effects of whose destruction are known tion | 
This stage was reached at any time within’  sensiti 
three years of the acute attack. At the sam, of sc 
time antisocial trends made their appearance) Absen 
and those patients whose intitial attack had) menta 
occurred in adolescence became restless and} ness. 
amoral. Many got into difficulties with th) appeti 
law through wanton violence, sexual perver-/ Loss 
sion, stealing and swindling. There wa) interes 
very little evidence of deterioration of inte, Liveir 
lect in cases seen at this stage. After som No se 
years, further extension of the disease took  Tespon 
place so that it involved the extra-pyramidd| _It is 
motor system, causing muscular tremors and} the foll 
rigidity. The patients then became invalid) = (1) | 
lost initiative and became dependent and in-| : 
fantile in their attitude tolife. Theyremaind| (2) | 
egocentric, however, and without sense of / ( 
social responsibility. At some period of theit| ‘ 
illness an obsessional state of some kind wa| i 
almost always present. The main featuresd| (3) 1 
the character-change and behaviour disordet/ 
in the second stage are given in the followin, i 
table :— r 
I. Features of Post-Encephalitic Behaviour (4) : 
Disorder 
Intense restlessness and boredom. Addit il 
tion. Episodic aggressiveness. Impulsit b 
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violence. Pathological lying and purposeless 
stealing. Brief attacks of elation and de- 
ression. Masochistic attempts at suicide. 


Self mutilation. Malingering to attract 
attention. Accident-proneness due to lack 
of immediate foresight. Increased libido. 
Rape and assault. Multiple sexual perver- 
sions. Obsessional thoughts and utterances. 
Tics and compulsions. Absence of guilt or 
sympathy. Cruelty to animals. Emotional 
lability. Superficial sentimentality. Loss of 
responsiveness in facial expression. 

From the life-histories of these patients it 
is justifiable to draw the following main 
conclusions :— 

(1) If the disease commences in very early 
life, when self-awareness is in process of 
developing, mental development makes 
no further progress. There is no 
awareness, cognitive or conative. 

If the onset is between eight and twenty 
while standards of social behaviour are 
being learned, the patient may be in- 
tellectually normal, while morally an 
ament. 

When it occurs later in life, the char- 
acter-change in stable personalities is 
slight. 


II. Effects of Section or Partial Excision—- 
Frontal Lobes 

Tolerance of monotony and _ inactivity. 
Loss of spontaneity. Loss of sympathy and 
consideration for others. Loss of considera- 
tion between thought and action. Lack of 
sensitiveness about what others think. Lack 
of scruples. Tactlessness. Less critical. 
Absence of moods. Apparent reduction in 
mental fatigue. Cruelty by neglect. Callous- 
ness. Emotional detachment. Increased 
appetite. Preference for simple sensuality. 
Loss of obsessional trends. Diminished 
interest in religion. Loss of fear for future. 
Live in the present. Inability to act indirectly. 
No sense of social responsibility. Loss of 
responsiveness in facial expression. 

It is possible from the literature to draw 
the following main conclusions :— 


(1) Frontal damage in early life leads to 
arrest of mental development generally, 

(2) Foresight, abstract consideration of 
conduct, responsibility to others and 
appreciation of the individual’s place 
in the community are impaired. 

(3) There is a disturbance of spontaneity 
which in most cases is much dimin- 
ished. Activity occurs in immediate 
response to a stimulus and without 
deliberation. Obsessions are removed. 

(4) Emotional responses become super- 
ficial but their expression may be dis- 
inhibited. Anxiety is usually replaced 
by detachment. 


(3) 
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It will be seen that the two syndromes are 
far from identical and there is great variation 
within them according to the extent of the 
damage, the previous personality of the indi- 
vidual and the state of its development at the 
time of onset. None the less there are im- 
portant similarities. Further, some of the 
qualities of personality which are changed 
are the same in the two conditions, although 
they are changed in different directions. The 
encephalitic ‘ Apache’ for instance, is over- 
alert and restless and sleeps very little. He is 
always trying something new, whereas the 
patient with damaged frontal lobes is usually 
lacking in spontaneity and sleeps until some- 
one tells him to get up. The quality of 
initiative is thus affected in both, but in 
opposite ways. Similarly, the postencepha- 
litic is antisocial and spontaneously wicked 
while the other is merely passively less good. 
But neither seems to be capable of knowing 
what goodness is, or of feeling any need 
to conform in the interests of the group in 
which he lives. Both are capable of know- 
ing that there are legal sanctions against cer- 
tain kinds of behaviour and are capable of 
making some effort to avoid getting caught 
but if one attempts to discuss the reasons for 
them no progress whatever is made. One 
encephalitic patient who dragged his sister 
about by the hair before raping her, de- 
scribed what he had done without reticence. 
When asked why he pulled her hair he said, 
‘To make her scream, I like that.’ When an 
attempt was made to get him to consider how 
she had suffered in the process, there was no 
comprehension at all. ‘ That’s her business’ 
was the only answer. This young man was 
highly sentimental about animals. His intel- 
ligence quotient was 116. 

In some encephalitics even the simplest 
foresight seems to be lacking. One boy swung 
across a large hall from a balcony, holding on 
to the flex of an electric light—he was quite 
aware on consideration that it could not sup- 
port his weight, but he could not at the 
time he did it connect this with his action. 
A remarkable proportion of the younger 
patients had been involved in road accidents. 
In the majority, however, the defect was less 
obvious. 

The qualities involved in the two types of 
lesion and directions in which the changes oc- 
cur are summarised in the following table :— 


Similarities 
Action without normal forethought. 
Loss of ethical valuation. 
Loss of awareness of responsibility to others. 
Loss of aesthetic discrimination. 
Tendency to live in the present. 
Cannot acquire new patterns of social 
behaviour. 
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Differences in the same qualities 


Frontal damage 
Negatively asocial. 
Reduced initiative. 
No tension, even temperament. 
Tactless, inconsiderate. 
Notably without obsessions. 
Disinhibited. 

Post-Encephalitic 
Actively antisocial. 
Restless and distractible. 
Prone to anxiety and anger. 
May be very well mannered. 
Obsessions and compulsions. 
Perverted. 


From the evidence given so far it would 
seem that a conative awareness exists and 
that the integrity of certain nervous units 
and pathways is essential for its maintenance. 
There would appear also to be a mechanism 
by which an impulse to action can be checked 
against patterns of abstract behaviour which 
the individual has stored in the course of his 
early life and training. Comparisons with 
the feed-back circuits used in electronic cal- 
culating machines and other cybernetic 
analogies are tempting but it is probably 
safer to point out the similarity of this process 
with that by which, in the cognitive field, 
consciousness is maintained and ideation is 
guided by reference to remembered percepts 
and acquired aesthetic standards. We may 
thus regard these patients as morally asleep or 
unconscious. Like unconsciousness moral 
awareness would appear to be relative and 
partial and we have seen that this is borne out 
by clinical experience. 

In the two conditions considered the lesion 
is circumscribed but if moral awareness 
is dependent on a nervous mechanism it 
might be expected that generalised distur- 
bances of nervous function would also lower 
its efficiency. There is abundant evidence 
that this occurs. Lapses in behaviour which 
incur the disapproval of authority are fre- 
quently the means by which cerebral disease 
such as tumour or arteriosclerosis is brought to 
light, especially when the condition is incident 
predominantly on the anterior cerebral areas. 


Generalised loss of efficiency especially in the | 
cognitive sphere will often loom larger in the | 
clinical picture and the deficiency in social | 
adaptation will be less noticeable—but it js | 
there. For instance there are many very old 
people whose egocentricity and lack of con. 
sideration for the younger generation makes 
them an exacting burden to their families, 
On examination they are found to be entirely 
self-centred and without scruple as if their 
awareness in this respect had declined more 
rapidly than their other faculties. 

Finally, it might be expected that the con. | 
stitutional element in this mechanism would } 
vary from one individual to another. The | 
conative awareness of the gross mental | 
defective has as little chance of full develop. | 
ment as his cognitive functions, but there are | 
many individuals whose intelligence is within | 
the employable range but in whom the 
balance between the two kinds of awarenes } 
is abnormal so that intellect and _ social 
responsibility are imperfectly balanced. 

In some of the intelligent but profoundly | 
psychopathic individuals of this kind one i 
struck by the frequency with which they were | 
distressed at some period of their life by! 


obsessional and religious doubts. Certainly 
obsessions and morbid impulses are very 
common among them. It is tempting : 
think that a process comparable to the con. 
tinuous oscillation observed in electronic 
calculators had occurred in the feed-back 
circuit by which the social eligibility of the 
conduct is controlled, as if such little of the) 
physical substrate of moral awareness 
existed, was subject to severe functional de} 
rangement. 

In this group of cases a constant patho 
logical correlate has yet to be found but the| 
evidence of the two natural experiments to 
which reference has been made suggests that! 
their sinfulness may have a physical basis 
In the interests of society we must segregatt | 
monsters of this kind. ( 

Experience shows us that attempts 10| 
punish them are without effect except | 
confirm their isolation from the rest of sf 
community. It would appear that they lad 
the physical means of being morally aware. 


56 


I 
THE 
lime 
cons 
bonz 
and 
tion 
in fre 
past 
Ca 
plan 
sider. 
eous 
ness 
Al 
hard 
laye 
thea 
ing 1. 
calca 
often 
are 
| ever, 
that 
weed 
no sp 
tion < 
the 
ales < 
role 
seawe 
almos 
Blue-s 
phyce 
depos 
enoug 
are cc 
phyce 
is qui 
} red se 
Int 
the p 
| refer 
forma 
cellulz 
respec 
tion. 
Exped 
deposi 
contai 
1 Lec 
Newcas 


ALGAE AND CALCAREOUS ROCKS! 


BY 
Pror. F. E. FRITSCH, F.R.S. 


Tue deposition by plants of carbonate of 
lime, often accompanied by a more or less 
considerable proportion of magnesium car- 
bonate, is a phenomenon of great botanical 
and geological interest. It is of fundamental 
importance at the present day in the forma- 
tion of calcareous deposits, both in the sea and 
in fresh waters, and has played a great réle in 
past eras of the earth’s history. From the 
Cambrian onwards such deposits formed by 
plants have played a part, and often a con- 
siderable part, in the production of calcar- 
eous rocks which reach an appreciable thick- 
ness in diverse geological formations. 

Although many kinds of plants living in 
hard waters can become encrusted with thin 
layers of carbonate of lime, it is mainly among 
the algae that the special faculty of precipitat- 
ing large quantities of lime is realised so that 
calcareous masses of considerable size and 
often of an appreciable degree of hardness 
are formed. Even among the algae, how- 
ever, it is only a limited number of species 
that possess this property. The brown sea- 
weeds (Phaeophyceae), for instance, include 
no species of any importance in lime deposi- 
tion and, among the Chlorophyceae, it is in 
the main only representatives of the Siphon- 
ales and Charales that play an appreciable 
réle in this respect. Similarly, among red 
seaweeds the property of lime-deposition is 
almost restricted to the Corallinaceae. The 
Blue-green Algae, Cyanophyceae or Myxo- 
phyceae, are among the most important lime- 
depositing organisms, although strangely 
enough it is principally freshwater forms that 
are concerned. Only a few marine Cyano- 
phyceae exhibit calcification and their réle 
is quite subordinate to that of the green and 
red seaweeds just mentioned. 

In the first place I propose briefly to survey 
the principal lime-depositing algae and to 
refer to their réle, past and present, in the 
formation of calcareous rocks. Few uni- 
cellular algae are of any importance in this 
respect, but there is one outstanding excep- 
tion. Ever since the days of the Challenger 
Expedition it has been known that deep-sea 
deposits, and especially the Globigerina-oozes, 
contain innumerable minute calcareous 


* Lecture delivered to Section K (Botany) at the 
Newcastle Meeting, September 5, 1949. 
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bodies, called coccoliths, rhabdoliths, etc., 
according to their shape. These are often 
aggregated as coccospheres and so on arounda 
central core of gelatinous substance, although 
many of them occur separately (9). Al- 
though suspected of being part of a calcareous 
envelope formed around some unicellular 
marine organism, their true nature has been 
disclosed only in comparatively recent times. 
We now know that the organisms producing 
them are unicellular autotrophic flagellates 
belonging to the Chrysomonadales. The 
calcareous bodies are deposited within the 
surface of the gelatinous envelope surround- 
ing the protoplast of these Coccolithophori- 
daceae, and they assume a variety of forms, 
upon which a considerable number of genera 
are based. Sometimes they appear as minute 
rings, in other instances as solid discs which 
may be produced externally into processes 
or even into large funnel-shaped extensions. 
At first each such calcareous body is quite 
separate from its neighbour, but later they 
may become joined together by deposition of 
lime in the intervening matrix. 

These lime-depositing flagellates are most 
abundant in the warmer seas. They have 
also been found in fresh waters, although they 
seem to be too scanty there to play any really 
important part in lime-deposition. Coccoliths 
and rhabdoliths occur abundantly in the 
Chalk, while according to Pia (5) they have 
also been recognised in Palaeozoic deposits. 

Among the many diverse types of green 
algae included in the Siphonales, all of them 
distinguished by the absence of septation, the 
most important lime-depositing forms belong 
to the Dasycladaceae and to certain members 
of the Codiaceae. The Dasycladaceae are 
small plants, nowadays living only in the 
warmer seas and with a very characteristic 
structure. Typically there is a more or less 
club-shaped vesicular axis bearing densely 
placed whorls of numerous branches, them- 
selves repeatedly branched. In mature plants 
conspicuous spherical swellings, situated at 
the end of each primary branch and buried 
amid the later ones, harbour the sexual cells. 
In Dasycladus itself only the outer layers of 
the wall of the main vesicle are calcified, but 
in other living genera like Neomeris and Cymo- 
polia there is a thick cylinder of lime outside 
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the main vesicle and deposited in the mucilage 
between adjacent branches; this cylinder 
completely encases the greater part of the 
primary and secondary branches, as well as 
the sexual organs which occupy the same 
position as in Dasycladus, so that the gametes 
can only be liberated after the calcareous 
mass has been pounded to pieces by the 
waves. The most remarkable of the living 
genera is Acetabularia in which the mature 
plants resemble small mushrooms and are 
calcified throughout. The numerous rays 
composing the head each include large 
numbers of cysts from which the sexual cells 
are liberated after disintegration of the plant. 
In the allied genus Acicularia the mucilage 
between these cysts is likewise calcified so 
that when the rays break apart each appears 
as a club-shaped spicule pitted by numerous 
cavities harbouring the cysts. It is sympto- 
matic of the importance of these forms as 
fossils that Acicularia was known as such long 
before the living species was discovered. Its 
spicules were assigned to various groups— 
sponges and so on—until Munier-Chalmas 
predicted a reference to the Acetabularia- 
group, a prophecy that was proved correct 
by the subsequent discovery of the living 
genus. 

When a plant of Dasycladus is allowed to 
decay there remains a thin, hollow cylinder 
of lime perforated by numerous series of small 
holes representing the points of emergence of 
the branches from the main vesicle. In the 
case of Neomeris or Cymopolia we are left with 
a much thicker hollow cylinder, bearing on 
its inner surface whorls of small holes where 
the primary branches passed into the cylinder 
of lime and on its outer surface symmetrically 
disposed apertures through which the second- 
ary branches emerged. If we break open the 
cylinder or cut it across, we find the holes 
continued into the substance of the lime as 
tubular channels, whilst spherical cavities 
occupy the positions formerly taken up by 
the sexual organs. It is thus possible from 
a study of the distribution of channels and 
cavities in the persisting calcareous cylinder 
largely to reconstruct the habit of one of these 
Dasycladaceae. 

Many calcareous rocks harbour innumer- 
able cylinders of lime of the kind just de- 
scribed, traversed by variously disposed chan- 
nels and in part with larger cavities formerly 
occupied by the reproductive organs, and so 
it has been possible not only to distinguish 
a large number of fossil genera of Dasy- 
cladaceae, but also to trace the family back 
into the oldest Palaeozoic rocks. The pre- 
sent-day Dasycladaceae are in fact but a rem- 
nant, and the family was doubtless far more 
diverse and played a much more important 
réle in earlier eras of the earth’s history. The 
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modern genera, Neomeris and so on, appeared | 
in the Cretaceous. We are indebted to Pia | 
(4, 5) for our very extensive knowledge of this | 
series of forms and for the portrayal of their | 
evolutionary history which involves a gradual] 
assertion of the whorled branching and dif. 
ferentiation of specialised reproductive or. ' 
gans. The Palaeozoic members are found 
mainly in northern rocks, but from the Trias 
onwards the chief centre of distribution 
shifted to the equatorial region. 

There can be no doubt that these algae 
have played an appreciable part in rock. | 
building in the past. Many of the Palaeozoic } 
and Triassic limestones of the Tyrol, as well \ 
as of other parts of the world, consist toa | 
large extent of the calcareous remains of these i 
forms (9). The Muschelkalk and Lower i 
Keuper limestones of the Alps are character. | 
ised by the presence of the genus Diplopor 
which must have been abundant in the Triassic / 
seas and have played an important part in | 
the formation of these limestones, although in © 
many instances the calcareous remains have 
been dissolved and recrystallised so that the 
original form is lost. 

While all Dasycladaceae exhibit more or 
less extensive calcification, this is only true of } 
some Codiaceae. Codium, represented by 
Codium tomentosum and other species in our 
seas, for instance, shows nothing of this. On 
the other hand, the allied genus Halimeda, 
with diverse species in warmer seas, is an im- | 
portant lime-depositing plant. Periodically | 
calcification of the numerous threads com: | 
posing the thallus is interrupted, so that the 
plants consist of variously shaped calcified | 
portions linked by uncalcified joints. Both | 
Halimeda and allied forms have been recorded 
from Tertiary deposits. One of the com- | 
monest, Ovulites, probably had a jointed | 
thallus like that of Halimeda. There are also 
records of possible Codiaceae from _ the 
Palaeozoic. Many of the living species of 
Halimeda are met with abundantly on coral- 
reefs, where they often play no small part in 
contributing substance to the calcareous | 
matrix. 

Among the Stoneworts, the Charales, it is 
essentially the genus Chara that often ex 
hibits an extensive incrustation of the entire } 
surface with carbonate of lime so that con 
siderable calcareous deposits may accumulate | 
after death. There is nothing very distinc- 
tive about these crusts so that their identifica: | 
tion in fossil deposits is impossible, but there f 
is every reason to suppose that they have | 
played their part in the formation of lime:| 
stone rocks in the past in the same way as 3) 
happening at the present day. The distinc 
tive fruits are often especially heavily cal-| 
cified and quite a number of them have bee? | 
described as fossils from the Lias onwards. 
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There are several other Green Algae that 
may be concerned in the deposition of car- 
bonate of lime in fresh water, but the only 
one that seems to play an appreciable rdle is 
the colonial alga Oocardium, in which the 
cells occupy the outer ends of a system of 
forking hollow calcareous cylinders filled with 
mucilage. This remarkable member of the 
Desmidiaceae never occurs standing 


‘ waters, but frequents the streamlets issuing 


from springs with an appreciable lime-con- 
tent (11). Here it occupies diverse substrata, 
but particularly those furnished by two aquatic 
mosses, Eucladium verticillatum and Crataneuron 
commutatum, after these have become en- 
crusted with a thin layer of calcite. The 
deposits formed by this curious desmid 
accumulate with considerable rapidity. Wall- 
ner (13) ascribes extensive tufa-masses found in 
Southern Bavaria largely to its agency, while 
similar large deposits have been described by 
Van Oye (10) from the Ardennes in Belgium, 
where they are locally known as ‘ crons.’ In 
this country Oocardium is not as yet known to 
form any considerable deposits. 

The chief of the lime-depositing red sea- 
weeds, the Corallinaceae, are the so-called 
nullipores which take so active a part in the 
formation of many coral-reefs. The most 
familiar representative of the family, the 
genus Corallina, has quite a different habit 
from that shown by most members and 
especially by those most concerned in the 
formation of calcareous rocks. The prin- 
cipal genera among the latter are Lithotham- 
nion and Lithophyllum, but there are several 
others which are by no means easy to dis- 
tinguish from one another. Most form 
spreading multicellular crusts, reaching the 
size of a hand and more or less firmly adherent 
to underlying rock. These crusts are pro- 
duced into foliose lobes and, in some Litho- 
thamnions, into variously shaped knob-like up- 
growths or even branched coral-like pro- 
tuberances. All are heavily impregnated 
with lime which, as in other calcified algae, is 
deposited only in the cell-walls or between 
adjacent cells. The growths formed by these 
nullipores are hard and stony and, especially 
in certain species of Lithophyllum, the relatively 
thin lobes of the thallus may have sharp 
edges, capable of causing nasty cuts if in- 
cautiously handled. 

Although the encrusting Corallinaceae are 
best developed in warmer seas, species of 
Lithothamnion and Lithophyllum form extensive 
sublittoral banks in many temperate and 
polar seas. Lithothamnion calcareum is abun- 
dant off the shores of the British Isles and of 
Northern France and, in certain regions, as 
for instance in Galway and on the French 
coasts at Finisterre, fragments of its coralloid 
growths cast up by the waves form a regular 
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Lithothamnion-beach, the calcareous material 
of which is locally employed for liming the 
soil. Similar limestone banks occur in var- 
ious parts of the Mediterranean. In tropical 
seas these seaweeds, together with other lime- 
encrusted algae, Foraminifera and Corals 
build up the huge calcareous masses, gener- 
ally spoken of as coral-reefs, although in some 
the corals appear to play but a subsidiary 
role. In all of them the encrusting Corallin- 
aceae are of prime importance as cementing 
organisms. 

In the boring made on Funafuti in the 
Ellice Islands, such nullipores occurred 
abundantly down to a depth of 1,000 feet, 
but in many instances water percolating 
through the lower parts of such reefs destroys 
the structure and converts the whole into a 
compact structureless limestone. Over large 
areas of the Indian and Pacific Oceans the 
encrusting Corallinaceae play a conspicuous 
role as reef-builders and the dominant species 
present are few in number and largely the 
same in different regions. They require 
well-aerated water for successful growth and 
usually occur where there is a fairly strong 
current. Several are known to thrive at 
depths of 200-350 fathoms in clear tropical 
waters. 

These forms are known as fossils from the 
Cretaceous onwards (5) and most of the Ter- 
tiary specimens are stated to belong to species 
still living. Great thicknesses of limestone 
rocks, consisting largely of remains of Litho- 
thamnion, are known from various parts of the 
world. A striking example is furnished by the 
Leithakalk from the Miocene of the Vienna 
basin which has been used extensively as a 
building-stone. 

Somewhat similar forms, grouped as 
Solenopora, occur as rock-formers from the 
Ordovician to the Jurassic, appearing as sub- 
spherical masses as big as an apple and with 
an irregularly lobed surface (5). Although 
their assignation to the Corallinaceae is still 
uncertain, it is probable that they are ancient 
representatives of this family which would 
thus, like the Dasycladaceae, have played a 
role as rock-builders from the earliest times. 

Turning lastly to the Cyanophyceae, I have 
already mentioned that they are most instru- 
mental as rock-formers at the present day in 
fresh waters, which of course does not rule 
out the possibility that similar forms may 
have formerly been active in the sea. The 
blue-green algae include numerous colonial, 
as well as a large diversity of filamentous 
forms, and it is among the latter that the 
best-known instances of lime-deposition are to 
be found ; in fact I am prepared to say that 
lime-deposition by colonial Cyanophyceae 
has not yet been established beyond doubt. 
Among the filamentous forms it is especially a 
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limited number of species of Phormidium, 
Schizothrix, Dichothrix, and Rivularia that are 
concerned. In all of these the sometimes 
rather slender threads live together in large 
numbers embedded in soft mucilage which 
may possess a comparatively firm surface- 
layer, the aggregates appearing as conspic- 
uous and variously lobed gelatinous masses. 
Individual threads are usually encased in a 
tubular sheath which may possess a consider- 
able degree of rigidity. The lime is always 
deposited in the mucilage, never in the cells 
themselves or, according to Wallner, in the 
immediate envelopes of the threads. The 
process is readily followed in some of the 
Rivularias. At first isolated crystals of calcite 
make their appearance ; these increase in 
number and size and form clusters until by 
degrees the whole of the mucilaginous 
matrix between the filaments may be occu- 
pied by a mass of lime, which is traversed by 
the tubular sheaths encasing the filaments. 
Rivularia haematites forms crusts 2-3 cm. thick, 
which consist of numerous strata and may be 
as hard as stone ; as in other lime-depositing 
Cyanophyceae, only the outermost stratum 
includes living threads. This species of 
Rivularia requires well aerated water and 
seems to be an important agent in lime- 
deposition in various Swiss lakes. 

Lime-depositing species of Schizothrix, often 
accompanied by such Rivularias and by species 
of Dichothrix, form incrustations, often of some 
thickness on larger stones in the littoral region 
of many continental lakes, but little is as yet 
known of their occurrence in British waters, 
although I have in my possession comparable 
growths from Malham Tarn and from Ire- 
land. Ifdeposition takes place on smaller par- 
ticles, loose calcareous masses are produced. 
A striking instance is known from Lough Bel- 
vedere near Mullingar in Ireland (3), where 
the bottom is covered with spherical calcareous 
masses of about the size of a filbert and stated 
to be formed largely by Schizothrix fasciculata. 
In a shallow lake, not far from Ann Arbor, 
Michigan, I similarly saw the whole bottom 
littered with loose calcareous masses of dif- 
ferent sizes, here in part assuming a flat 
biscuit-like shape. The principal alga was 
again Schizothrix fasciculata, mingled with 
other filamentous blue-green forms. 

The most fully studied and most spectacular 
instance of such mobile lacustrine calcareous 
growths, formed by species of Schizothrix and 
Rivularia, is, however, that described from the 
western arm of the Lake of Constance, the 
so-called Untersee (1). At many places along 
the shore and in part exposed at low water, 
there are extensive banks of so-called 
*Schneglisand,’ that is ‘snail sand,’ so 
termed by the local population because the 
calcareous grains and pebbles of which it 
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consists are commonly deposited around the 
shells of small snails. The particles of this | 


sand vary from the size of a pin’s head to that 
of a plum, whilst the thickness of the deposit | 
ranges from a few centimetres to one or 
more metres. These deposits form in shallow 
water and are often exposed during low | 
water in winter. Sections of the grains show | 
that the lime is deposited around small sand. | 


grains and fragments of the rhizomes of | 


Phragmites, as well as on the shells of the 
abundant snails and that the growth is 
stratified, each zone probably representing a 
season’s growth. At certain places thick } 
deposits of this snail-sand occur, and Baumann 


Constance is built up almost entirely of this 
material. During exposure to frost in winter 
many of the grains crumble to pieces, while 
much of their substance is pulverised as they 
roll over one another in rough water. The 
fine calcareous ooze thus produced, mingled 
with larger particles and even with entire 
grains, is washed out and sedimented onthe 
bottom of the lake and, according to 
Baumann, the rapid silting up of the Untersee | 
is largely due to such calcareous deposits. 

In calcareous streams stones and other ob- 
jects, more or less firmly fixed in the bed, 
commonly bear on their exposed surface 
conspicuous calcified growths due to Blue- 
green Algae. Since Dr. Pantin and I (2) first 
described examples of such growths from the | 
River Bourne near Cambridge, they have 
been found in the Cam, as well as in streams 
in various parts of Southern England, though 
none quite so spectacular as those from the 
Bourne. These, which were in part promi- 
nently zoned and rather friable, were formed 
largely bya species of Phormidium, P. incrustatum, 
with which Chantransia-stages of Batrachosper- 
mum and species of Schizothrix were associated | 
in rather small amounts. The similar growths 
from other British streams, as well as from 
streams on the continent, always include 
similar species belonging to these three gen- 
era. . It would thus seem that they constitute 
a widely distributed lime-encrusted com- 
munity inhabiting certain types of flowing 
waters in Western Europe. 

During the construction of an_air-raid 
shelter in the playing field of a school near 
Dover, large quantities of calcareous pebbles 
were unearthed. Sections of these, prepared 
by the Geological Survey at the instigation of 
Dr. Macfadyen, afford evidence of the pre- 
sence of innumerable, for the most part 


has shown that the island of Langenrain near 


rather straight, tubular passages, circular in | 


cross-section and in every respect resembling 
the passages left in calcareous growths from 
the Cambridgeshire Ouse by filaments of 
Phormidium incrustatum. I have little doubt 


that the Dover pebbles were largely, if not | 
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entirely, produced by this Blue-green species, 
since other kinds of structures are scanty. 
The horizon at which they were found corre- 
sponds with the level of the bed of the near-by 
stream, the Dour, and they were probably 
formed when the stream was much wider ; so 
far, however, no encrusted growths have 
been obtained from the stream itself. Their 
importance lies in the fact that they afford 
evidence for the production of larger un- 
attached calcareous growths in a British 
stream, analogous to those described by 
Roddy (7) from the Conostega Creek in 
Pennsylvania, U.S.A., where, however, other 
forms of blue-green algae are concerned. 

There can be no doubt that blue-green 
algae are involved in the formation of the ex- 
tensive limestone deposits characteristic of 
many hot springs and of which very striking 
examples are found in the Iceland geysers 
and in the Yellowstone National Park. The 
Cyanophyceae which, apart from Bacteria, 
are almost the only forms of plant-life present 
in these hot springs, include a diversity of 
species, both filamentous and colonial, but 
whether all or only some are active agents in 
the deposition of the lime is still altogether 
obscure. According to Weed (14) as much as 
14 mm. of calcareous deposit may be formed 
in three days in the Yellowstone National 
Park. 

Sufficient has been said to show the im- 
portant part played by Blue-green Algae in 
the formation of calcareous deposits in many 
kinds of fresh waters. There is every reason 
to believe that they are a very ancient group 
which has probably flourished ever since 
plant-life appeared on the earth. Nor have 
we any grounds for supposing that the 
property of lime-deposition is anything new 
and that they have not taken a share in the 
formation of calcareous deposits throughout 
their existence. Unfortunately, however, no 
reliable evidences of their presence in the 
older calcareous rocks have come to light. 

The oolitic structure characteristic of 
various calcareous rocks, in which concentric 
crusts of carbonate of lime are deposited 
around a foreign nucleus to form small 
rounded grains, has commonly been sus- 
pected of being due to blue-green algae. 
Around the shores of the Great Salt Lake in 
the State of Utah, U.S.A., are found some- 
what comparable calcareous oolitic grains 
cast up by the waves from the deeper water. 
These grains are stated to harbour colonial 
blue-green forms like Gloeocapsa which are 
also found coating their surface (8). Similar 
grains are recorded from the Red Sea, the 
lime here deposited around a sand particle 
being again stated to contain such blue-green 
cells. These calcareous growths are urgently 
In need of reinvestigation by a competent 
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algologist to determine whether the colonial 
blue-green forms arereally responsible for their 
formation, for such forms are ubiquitous and 
may not actually be concerned in the process 
of lime-deposition. No evidence for the pre- 
sence of such colonial forms in oolitic rocks 
has been forthcoming, but in many of them 
the calcareous matter of the grains harbours 
tubular structures known as Girvanella which 
some suspect of being the causal agents in the 
deposition of the lime and as being possible 
blue-green algae. For the latter supposition 
there is practically no evidence, while as re- 
gards the former it must be borne in mind 
that there are many present-day lime-boring 
algae, especially among Cyanophyceae, and 
the tubular structures might just as well be 
foreign organisms as responsible for the 
formation of the oolitic grains. Despite the 
frequency of a Girvanella-like structure in 
oolitic rocks, it is premature to refer the 
formation of the oolitic grains to an algal 
agency. 

Carbonate of lime occurs in nature in two 
distinct forms, as calcite or calc-spar and as the 
rather harder arragonite. ‘The crystals of the 
former belong to the rhombohedral system, 
those of the latter to the rhombic system. All 
Corallinaceae deposit calcite, all the Siphon- 
ales arragonite, while the carbonate of lime 
deposited by blue-green algae is again in the 
the form of calcite. The specific nature of 
algal lime-deposits, however, goes beyond 
this. According to Wallner (12) the shapes of 
the calcite crystals formed in representatives 
of different systematic groups are not identical 
and, even when two different lime-depositing 
forms occur side by side in the same body of 
water, they deposit lime in distinctive crystal- 
line forms. It is known that the particular 
crystalline form in which calcite is pre- 
cipitated depends on the chemical composi- 
tion of the solution from which this takes 
place. In the immediate vicinity of an 
aquatic the solution is modified by its selec- 
tive absorption so that the crystalline form in 
which calcite will be deposited under the in- 
fluence of an alga will depend (a) on the 
chemical composition of the medium, and 
(b) the specific absorption of the alga. 

It is commonly accepted that deposition of 
lime results from the withdrawal of carbonic 
acid from bicarbonates during photosyn- 
thesis, although opinions differ as to whether 
the decomposition of the bicarbonates is 
purely a consequence of the existence of a low 
partial pressure of carbon dioxide resulting 
from active photosynthesis or whether the 
assimilating plants themselves play an active 
réle in the decomposition of the bicarbonates. 
The coatings of lime frequently deposited 
indiscriminately on all green plants in hard 
waters, are probably a result of decomposition 
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Algae and Calcareous Rocks 


of bicarbonates through the activities of the 
aquatics themselves. In such waters one 
may similarly find, in spring and early sum- 
mer, an abundance of crystals of carbonate 
of lime floating in the surface layers as a 
result of active photosynthesis by the phyto- 
plankton. Such phenomena are not, how- 
ever, altogether comparable to the deposition 
of lime in the true calcareous algae. 

In them the lime is not a superficial coating, 
but is deposited within the mucilage that 
separates the cells of contiguous branches or 
threads. Moreover, lime deposition in these 
algae can occur in waters with only a small 
lime-content and is altogether specific. Grow- 
ing side by side with the lime-depositing 
Siphonales or Corallinaceae are a host of 
other seaweeds that show nothing of this 
property. Similarly, in fresh waters the lime- 
depositing Cyanophyceae are accompanied by 
a multitude of other algae that lack this 
faculty. In these various instances the lime 
is again generally supposed to be derived 
from bicarbonates dissolved in the surround- 
ing water. There is little to support the view 
that it could be an excretion from the living 
protoplasts, as in the case of the cystoliths and 
other calcareous deposits observed in the cells 
of higher plants. The sap of young Chara- 
cells, however, contains appreciable amounts 
of calcium succinate, and there is a possibility 
that the lime-covering might here represent 
an excretion from the cells. 

The fact that lime-deposition takes place 
in the mucilage between the cells or threads 
of the calcareous algae means that it ensues 
within a colloidal complex which probably 
varies appreciably in chemical and physical 
properties in the different groups. Moreover, 
as pointed out previously, the specific absorp- 
tion of the alga, and therefore the immediate 
chemical environment, will vary considerably 
in algae of different systematic relationships. 
It is thus highly probable that in the lime- 
depositing algae there may exist special con- 
ditions that determine the specific property of 
lime-deposition. 

There remains, however, in the minds of 
many a suspicion that in diverse, or perhaps 
in all, instances of lime-deposition by algae 
the process may have no direct connection 
with the latter’s metabolism, but may be a 
result of bacterial action (cf. 6). Bacteria 
occur in large numbers in the mucilages of 
algae, and this bacterial population almost 
certainly varies greatly even in related algae in 
accordance with the properties of their muci- 
lages. The reason why one species of alga 
deposits lime, and another does not do so, 
might in part at least depend on whether or 
not its mucilage harboured the lime-depositing 
bacteria. The investigation of this hypothesis 


would involve a long and difficult series of 
researches. 

Many authorities have emphasised the im- 
portant réle probably played by bacteria, 
without the participation of algae, in the pro- 
cess of lime-deposition in the sea, especially in 
warmer latitudes. Such processes reult in 
the formation of finely granular calcareous 
oozes, although some of these quite possibly 
owe their origin to purely chemical processes, 
The activities of these marine bacteria have 
been extensively studied ; many are con- 
nected with the formation of ammonia and 
carbon dioxide from the nitrogenous excre- 
tions of animals and from decaying organic 
matter. The resulting ammonium carbonate 
reacts with dissolved calcium salts (sulphates, 
chlorides) to form calcium carbonate which is 
precipitated. The process is readily demon- 
strated experimentally by adding urine to 
sea water, when calcium carbonate and some 
phosphate is gradually precipitated. If the 
urea-decomposing bacteria are grown on 
agar, their colonies are commonly sur- 
rounded by aggregates of small calcium car- 
bonate crystals. Bacteria concerned in deni- 
trification processes in the sea have likewise 
been regarded as playing an important rdle 
in lime-deposition, and there are marked dif- 
ferences of opinion as to the relative import- 
ance of the two sets of bacteria in these pro- 
cesses. The processes of denitrification partly 
result in the liberation of ammonia which 
forms ammonium carbonate. 

Whether bacteria do or do not play a 
dominant réle in lime-deposition in con- 
nection with the algae considered in this 
lecture must remain a problem for the future, 
but there can be no doubt as to the necessity 
of the substratum and environment furnished 
by the algae in question and therefore of 
their all-important share in the formation of 
calcareous rocks. 
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GEOLOGY IN HISTORICAL PERSPECTIVE}? 


BY 


Dr. S. J. TOMKEIEFF 


GEOLOGY, as a systematic science, is definitely 

st-Renaissance. In fact it has only had an 
individual existence for some 150 years. As 
in the case of chemistry and biology, the 
formative period of geology coincided with 
the re-orientation in the intellectual sphere 
which accompanied the great economic and 
technological changes in European society 
towards the end of the eighteenth century. 
Prior to this period such knowledge as there 
was of stones and natural processes consti- 
tuted what one may call the rudimentary 
elements of the future science of geology, but 
it is hardly accurate to describe the primitive 
flint-knapper or even a cultured Roman 
gentleman such as Pliny, a geologist. On the 
other hand it is obvious that the human 
mind, evolving in harmony with the develop- 
ment of tools and utensils fabricated from 
the materials of the earth—stone axes, 
scrapers, arrowheads, clay vessels, and later 
metal tools—could not ignore a side of know- 
ledge which deals with the earth and its 
products. This primitive, crude knowledge, 
really part of a craft, later became autono- 
mous and disinterested and thus achieved 
the rank of science. Detached from its 
original practical origin, the knowledge of 
things was raised to the intellectual level for 
the first time in history by the Ionian philoso- 
phers. It was they who were first to postulate 
that the universe was not only a coherent 
whole, but also an intelligible and knowable 
world. This world—a manifestation of a 
universal reason or logos—could be rendered 
intelligible by means of language and so 
understood by the human mind. It is among 
the Ionian philosophers that we find the 
embryonic ideas of the knowledge of nature— 
the idea of the primordial stuff out of which all 
matter is made, the ideas of the orderly dis- 
position of matter in the cosmos and the idea 
of universal processes which regulate the 
nature and the disposition of matter. 

These products of the early Greek genius 
were blended and made explicit in the 
grandiose logico-scientific scheme of Aristotle. 
Here also we find the rudiments of the first 

theory of the earth,’ if by the word ‘ theory ’ 
we mean what the Greeks meant, namely, 


' Paper read to the Section of Geology, at Newcastle, 
on September 1, 1949. 
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‘comprehension.’ In this theory the material 
aspect is dominated by the idea of the 
Empedoclean four elements—fire, air, water 
and earth, the combinations, condensations 
and rarification of which constituted the 
physical world. The disposition of matter in 
the earth, as postulated by Aristotle, is in the 
form of four concentric geospheres, those of 
earth, water, air and fire. The geospheres are 
still with us, part and parcel of the modern 
science of geology, though Aristotle might 
have difficulty in recognising his creations in 
their modern dress. 

With regard to processes, Aristotle’s con- 
tribution to his subject is of paramount 
importance. It is not only his concept of a 
fourfold causation as determining change, or 
of the passage of potentiality into actuality, 
which is vital in modern science, but his idea 
that every material object can be interpreted 
as the product of change,—in other words 
that reality is a flowing process, a chain of 
antecedents and consequents in an endless 
succession. This last idea was, as we shall see 
later, reintroduced into geology by Hutton. 
Thus we perceive the three principal aspects 
of geology—material, disposition, process— 
dimly foreshadowed by Aristotle in the 
fourth century B.c. From this time onwards 
and lasting for some seventeen centuries a 
period of stagnation intervened when this 
embryonic geology in common with the rest 
of Aristotle’s logico-scientific scheme re- 
mained undeveloped but persistent in the 
background of European culture. The 
Renaissance involved the rejection of Aris- 
totle and all his works, although this rejection 
has been over-emphasised by historians of 
science who have interpreted it as a funda- 
mental change of principle rather than the 
change in points of details which it really was. 

The intellectual movement of the Renais- 
sance riding over the wave of growing pros- 
perity and industrial and territorial expan- 
sion, evolved a new system of philosophy— 
the philosophy of modern science. As com- 
pared with previous systems of philosophy 
there were changes both in method and in 
the terms of reference. The main change 
was the replacement of the Aristotelian or- 
ganistic philosophy by the pan-mathemati- 
cal Pythagorean-Platonic philosophy. The 
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neo-Pythagorean creators of the ‘ new science,’ 
also known as the Rationalists, asserted the 
primacy and absolute certainty of the 
mathematical knowledge. On the assump- 
tion that the background of Nature was 
mathematical, they asserted that the human 
mind was capable of understanding Nature 
by purely intuitive means. Descartes (1596- 
1650), the first philosopher of the Rationalist 
School, was also its most extreme exponent, 
whereas Galileo (1564-1642), preoccupied 
with detail, represents a less extreme type. 
Descartes, on the wings of reason, made a bold 
attempt to construct for the first time in the 
history of human culture, a complete and 
rational theory or scheme of the Universe, 
based on the new scientific, i.e. mathematical, 
method. This scheme incorporated in itself 
many notions from the lumber room of the 
past—the concentric geospheres of Aristotle, 
the Universal Deluge of the Bible, the Great 
Abyss and others, all fitted into the rational- 
istic mechanical model. In his Principia 
Philosophia, published in 1644. Descartes also 
produced the first of the ‘ theories of the 
earth ’ of modern times. His theory is rather 
obscure and bears little relation to facts, 
however scarce and imperfect these were in 
the seventeenth century. It is interesting, 
however, to note that Descartes makes a bold 
attempt to explain the structure and the 
origin of the earth and tries to give an honest 
rational (not supernatural) explanation of 
the origin of continents and oceans, mountains 
and valleys, volcanoes and earthquakes, 
caverns and springs. The value of this work 
is not so much in its actual achievement in 
solving individual problems or explaining 
individual facts, but in outlining a scheme of 
rational approach to the science of the earth, 
solely on the ground of observation and 
reasoned explanation, without recourse to 
the supernatural, a method which was fully 
realised only in the second half of the 
eighteenth century. 

In contrast to the mechanistic view of Des- 
cartes, another seventeenth-century writer 
Athanasius Kircher (1602-1680), in his book 
published in 1665, outlined an organistic 
theory of the earth. According to Kircher 
the earth is a kind of supraorganism pro- 
vided with a fire-circulatory system (pyro- 
phylacia) and a water-circulatory system 
(hydrophylacia). This Aristotelian  sur- 
vivor, the organistic view of nature, was still 
very strong in the seventeenth century and 
strangely enough it passed in a modified form 
into the next century, to become, paradoxi- 
cally enough, the background of the ‘ new 
geology ’ of James Hutton. 

Less bulky but of greater worth is the work 
of Nicolaus Steno (1638-1687) published in 
1669. Steno was an inspired genius and his 


contributions to geology and crystallography 
are of the first importance, in spite of, or 
possibly because of, the fact that he created 
no ‘ theory of the earth.’ His small book con. 
tains discussions on fossils, crystals and strata, 
His views are sound and pertinent to the 


subject of discussion. He may be called the | 


first geologist, if by this we mean a careful 
observer who can also reason about the 
things he observes without invoking either 
supernatural forces or phantoms of the 
imagination. 

In contrast to the sober views of Steno, the 


~ 


works of the English ‘ virtuosi’ of the second | 


half of the seventeenth century exhibit 


grandiose flights of fancy tempered by Bibli- | 


cal tradition. The traditional lore and the 


elements of fancy are as artfully combined | 
in these works as the spirals and scrolls of | 
Baroque architecture are blended with the | 


classical motif. The best and most enjoy- 
able example of such a Baroque geologico- 
theological work is the book by Thomas 


Burnet (1635-1715), which had a great | 
success in its own time as a rival to Milton in ) 
There is great charm of literary © 


prose. 
language and a feeling of balanced certainty 
in Burnet, for, as Butler put it, 


‘ He knew the seat of Paradise 
Could tell in what degree it lies; 
And, as he was disposed, could prove it 
Below the moon, or else above it.’ 


Thomas Burnet, together with John Ray 
(1627-1705), the famous naturalist, and 


) 


William Whiston (1667-1752), was very | 


much preoccupied with the problems of the 
Universal Deluge, the Great Conflagration, 
Chaos and the Great Abyss and paid but 
little attention to facts. The great value of 
these works was in the stimulus they offered 
to the study of nature and in the preparation 
of the ground for the real scientific geology, 
in which the Universal Deluge became trans 
formed into numerous transgressions of the 


sea marking out geological periods, the | 


General Conflagration became modified into 
igneous action; Chaos receded in he back 
ground and the Great Abyss became the 
symbol of our ignorance. 


The last of the ‘ virtuosi’ and the first — 


English geologist was John Woodward (1665- 
1728), the first systematic collector in this 
country of geological specimens and the first 
careful observer of geological phenomena. 
He made an heroic but hopeless attempt to 
justify the Universal Deluge as the efficient 


cause of the regular disposition of stratified | 


rocks. 


return to rationalism, not the pure, rarified 
rationalism of Descartes but a more earthy 


variety founded on observation and expeti- | 
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The mid-eighteenth century is marked by 4 
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ment and involving in its empirical method a 
complete shaking off of the shackles of tradi- 
tion, whether Aristotelian or theological. 
The Lisbon earthquake of 1755 and Kant’s 
‘Theory of the Heaven,’ published in the 
game year, shook European society from its 
complacency and inaugurated a new era— 
the era of Rousseau, Voltaire and the Ency- 
clopaedists,—the Age of Reason. 

European expansion and industrial pro- 
gress in the eighteenth century acted as a 
powerful stimulus to the development of 
science aS an organised social activity. 
Planned explorations and travels led to the 
accumulation of collections, collections in- 
volved museums, museums and newly formed 
scientific societies led to the work of descrip- 
tion of specimens—nomenclatures, system- 
atisation and classification. The eighteenth 
century witnesses the rise of biology spanned 
between Linnaeus and Buffon. The great 
naturalist of the Age of Reason, Georges 
Louis Leclerc, Comte de Buffon (1707-1788) 
in his monumental Natural History, a rival 
to the great French Encyclopaedia, not only 
gave a comprehensive survey of the three 
kingdoms, but presented a wide scheme of 
biology based on comparative methods. The 
third kingdom of nature—minerals and 
rocks—was first discussed by Buffon in his 
Théorie de la Terre (1749), and afterwards 
incorporated in his Natural History and in his 
Epoques de la Nature (1788). In this work he 
made an attempt, similar to that of Descartes, 
to give an outline of the earth’s history free 
from supernatural explanations. He traced 
the history of the earth from the cosmic stage 
through the successive ‘ epochs of nature,’ 
and in this way Buffon may be called the 
founder of geohistory which was later placed 
on a more solid basis by Hutton and Smith. 
He also foreshadowed Hutton with his 
notion of ‘ gradualism ’ which Hutton erected 
into a principle and made the foundation of 
his ‘ theory.’ This principle is put by Buffon 
in the following words: ‘the same causes 
which to-day produce only almost insensible 
changes, in the space of many ages, must 
cause very great revolutions.’ As this was 
written before the Great French Revolution 
one must assume that Buffon’s ‘ great revo- 
lutions’ mean mainly ‘ great changes’ and 
not catastrophic upheavals. It was only in 
the post-Revolutionary period that Cuvier 
made his revolutions of the earth really mean 
what we mean by the word revolution at the 
present time. Here then is a good example of 
the influence exercised by social history on 
semantic changes and of these, in their turn, 
on the concepts of science. 

Integration of small events to produce 
great changes, collection of small objects to 
Produce great masses, hierarchy of beings, 
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interconnection of parts and the principle 
of progressive development—here are the 
fundamental philosophical and social con- 
cepts of the Age of Reason. Philosophy, 
science, technology and social structure are 
only separate facets of the evolving society 
and with it of the evolving individual mind. 
Within the body of science there is a close 
interrelationship. The eighteenth-century 
biology provided material for the under- 
standing of fossils and fossils became the key to 
geological chronology and thus to geohistory. 
On the other hand the study of fossils pro- 
vided material for historical biology and thus 
paved the way for the scientific theory of 
evolution. Chemistry, stimulated by the 
growth of mining and metallurgy, provided a 
solid foundation for mineralogy, and minera- 
logy in its turn became the foundation of 
petrology. From Swedish mining and metal- 
lurgical chemists such as Wallerius and 
Cronstedt, through the essentially practical 
German mineralogist such as Werner and 
the enthusiastic French crystallographer 
Haiiy, the science of mineralogy triumph- 
antly marched through the eighteenth cen- 
tury to become a fully developed science with 
the incorporation of the new chemistry as 
provided by Lavoisier, Davy and Berzelius, 
The geology of the turn of the century was 
essentially a mineralogical one. The eventual 
amalgamation of this mineralogical geology 
with biological geology in the first decades of 
the eighteenth century is a momentous event 
in the history of science. It is this amalgama- 
tion and the spectacular Pyrrhic victory of 
the Plutonists over the Neptunists that con- 
stitute the initiation of the true scientific 
approach in geology. It is not Werner against 
Hutton but Werner plus Hutton, plus Cuvier, 
plus Smith, plus . . . so many other excel- 
lent workers in the field and laboratory. The 
geologists of this period, unlike the learned 
gentlemen of the previous century, were 
primarily explorers, scaling mountains, ham- 
mer in hand, and actually looking at the 
rocks. Here we have among others, P. S. 
Pallas (1741-1811), J. G. Lehman (1703- 
1767), G. C. Fuchsel (1722-1773), J. White- 
hurst (1713-1788) and H. B. de Saussure 
(1740-1799). The intellectual climate of 
the period is quite different from that of 
the previous epoch. The authority of the 
ancients is deliberately ignored, the past is 
interpreted by reason alone. The atmo- 
sphere is highly charged ; there is a tremen- 
dous urge to do things, to open up new 
horizons, new pathways ; the revolutionary 
movement in politics is reflected in the revo- 
lutionary movement in art and literature, 
usually called the Romantic movement : all 
this provides a powerful stimulus for geo- 
logical advance. The mineral prospector of 
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A diagram illustrating the logical structure of the science of geology 


old is transformed into a new geologist. The 
‘ Heroic Age of Geology,’ one must remember, 
begins in the year 1775, when Watt made his 
first practicable industrial steam engine, and 
when Werner became professor in the newly 
opened Mining Academy of Freiberg. The 
Heroic Age ends in 1825, the year of Stephen- 
son’s first passenger railway and on the eve of 
Lyell’s great book. The fifty years between 
1775 and 1825 embraced great historical 
events—the American War of Independence, 
the Industrial Revolution, the French Revo- 
lution and Napoleonic wars. In the intellec- 
tual sphere we see Goethe and Schiller, 
Wordsworth and Coleridge, Byron and 
Shelley. In science prominent names are 
very numerous. The new geology which was 
emerging during this period was as much an 
expression of the human spirit as the steam 
engine, the Voltaic pile, Goethe’s ‘ Faust ’ or 
Wordsworth’s ‘ Prelude.’ The new geology 
also must be considered as a work of art—the 


creation of an harmonious pattern, a bringing 
of Many into One, of intercorrelations of 
parts. As such it must find its rightful place 
in the history of human culture. 

Judging from a general viewpoint one may 
say that the new geology represents a uni 


fication or blending of three distinct streams | 
of scientific thought—the study of the mate | 


rial of the earth’s crust, the study of the dis- 
position of this material and the study of its 
formation. Coupling up these three aspects 
of geology with three prominent scientists of 
the period one may say that it was A. G. 
Werner (1749-1817) who was mainly re 
sponsible for the introduction of mineralogy, 
and hence petrology, into the unified geology, 
that it was William Smith (1769-1839) who 


was mainly responsible for the introduction | 


of the biological aspect and hence laid the 
foundation of true stratigraphy and conse- 
quently of true geohistory and that it was 
James Hutton (1726-1797) who was mainly 
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responsible for providing the new geology 
with a dynamic scheme—the geostrophic 
cycle, and thus providing geology with a true 
genetic aspect. F inally it was the glory of 
Charles Lyell (1797-1875) to have syn- 
thesised these three aspects into a single 
harmonious whole in a book which, for many 
generations, served as a pattern, never yet 
surpassed, of a lucid exposition of the prin- 
ciples of geology. 

Thus a consideration of the historical 
development of geological knowledge from 
Aristotle to Lyell leads us to consider the 
science of geology primarily as a synthesis of 
three lines of investigation related to the 
three fundamental categories of science : 
material, disposition, process. These three 
aspects placed at the apices of an equilateral 
triangle form the logico-mathematical ex- 
pression of the science of geology both in its 
present status and its historical development. 
The great synthesis of the Heroic Age can be 
emphasised by attaching the name of A. G. 
Werner to the material aspect, of W. Smith 
to the dispositional aspect, of J. Hutton to the 
genetic aspect and that of Ch. Lyell to the 
synoptic view. At the same time it is also 
possible to affix nine subsidiary sciences in 
a manner indicated in the diagram. The 
science of geology, however, depends or 
rather rests on the science of nature in 
general, namely on chemistry, physics and 
biology. This relationship may be indicated 
in the diagram by placing another equilateral 
triangle below the triangle of geology. The 
lower triangle, which may be called the 
triangle of the science of nature has its apices 
represented by chemistry, physics and biology 
—with the hybrid sciences of geochemistry, 
geophysics and palaeontology placed in 
appropriate positions. 

Looking at the diagram one can see at once 
that these two triangles can be linked up in 
such a way that the whole will form the three 
dimensional figure of an octahedron placed 
on one of its sides. In this octahedron the 
apices represent the three principal aspects of 
geology and the three principal sciences of 
nature, while the edges represent the principal 
lines of relationship between these six 
subjects. 

Such an octahedron, when made out of 
cardboard or plywood, with its lower side 
left open, can be balanced on a point in the 
middle of the upper side resting on a pivot 
fixed to a solid base. The octahedron con- 
structed in this way with all the inscriptions 
attached, is the logico-mathematical skeletal 
representation of the science of geology, 
which shows the following features: 


(1) Three principal aspects of geology : 
material, disposition and process. 
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Geology in Historical Perspective 


(2) Nine subsidiary sciences related to 
these aspects : crystallography, mine- 
ralogy, petrology, stratigraphy, tec- 
tonics, | geomorphology ; petro- 
genesis, diastrophism, geohistory. 

The historical development of geology 
as exemplified by the four names : 
A. G. Werner, W. Smith, J. Hutton 
and Ch. Lyell. 

The relations of geology to the sciences 
of nature: chemistry, physics and 
biology. 

The position of the hybrid sciences of 
geochemistry, geophysics and _palae- 
ontology. 

And finally by turning the octahedron 
slowly about its axis one may discern a 
concise definition of the science of 
geology, which is as follows : 
“GEOLOGY investigates the MATERIAL 
constituents of the earth, their p1s- 
POSITION and the PROCESSES involved in 
their formation and distribution.’ 


The Geological Octahedron is thus a com- 
plete and perfectly balanced model, reflect- 
ing the fullness and harmony of the science of 
geology. As such it may serve as an intro- 
duction to geology for the student and a guide 
to the master and an inspiration to the re- 
search worker. In this age of overspecialisa- 
tion we badly need signposts and beacons, and 
this compact multum in parvo has been con- 
structed with the special purpose of helping 
both students and teachers in geology and 
other sciences. 


(3) 


(4) 


(5) 


(6) 


A SELECTION OF OLD GEOLOGICAL BOOKS ILLUSTRATING 
THE DEVELOPMENT OF THE SCIENCE OF GEOLOGY 


René Descartes. Latin edition : Principia philosophiae, 
1644 ; French edition : Les principles de la philosophie, 
1647. 

ATHANASIUS KIRCHER. Mundus subterraneus, 1665. 

Nico.aus Steno. De solido intra solidum naturaliter 
contento dissertationis prodromus, 1669. 

Tuomas Burnet. Latin edition: Telluris theoria sacra, 
1681; English edition: The sacred theory of the 
earth, 1684. 

Joun Woopwarp. An essay towards a natural history of 
the earth, 1695. 

Georces Louis Lecterc, ComTe Burron. Théorie 
de la terre, 1749, later incorporated in Histoire Natur- 
elle. 

JouN WHITEHURST. An inquiry into the original state and 
formation of the earth, 1778. 

Horace Bénepicr DE Saussure. Voyages dans les Alpes, 
1779-1796. 

JEAN CLAUDE DELAMETHERIE. Théorie de la terre, 1795. 
(Best exposition of Wernerian system.) 

James Hurron. Theory of the earth, with proofs and 
illustrations, 1795. 

Joun Prayrarr. Illustrations of the Huttonian theory, 
1802. 

WiuiaM Strata identified by organized fossils, 1816. 


JAMES PARKINSON. Organic remains of a former world, 


1804-1811. 

Georces Cuvier. Discours sur les révolutions de la surface 
du globe, 1812. (English translation: Essay on the 
theory of the earth, 1817.) 

Cuar.es Principles of geology, 1830-1833. 
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NOTES ON THE DISTINCTION BETWEEN PEASANTRY 
AND SMALLFARMING}? 


BY 
H. BOWEN-JONES 


For the last four years, a good deal of 
Europe’s energy has been directed to the re- 
construction, on new lines, of agricultural 
societies. In many of the projects, very little 
heed is being paid to the fact that these 
societies are not always and necessarily purely 
historical phenomena which can be replaced 
by planned creations imposed from without. 

This is particularly true of many regions 
described as peasant-farming in character. 
The following notes suggest a way in which 
a distinction may be made between the areas 
in which peasant-farming with slight im- 
provements may be the only viable economy, 
and the regions in which fundamental 
changes are practicable as well as necessary. 

A misapplication of economic yardsticks is 
very general, and in these days of popular 
ideological economics, very dangerous. In 
the agronomic field it is possible to distinguish 
three dominant schools of thought, North 
American, British, and Russian, which tend 
to apply indiscriminately to all regions their 
own particular economic standards of mea- 
surement. Very generally, their character- 
istics appear to be these. 

The American agronomist tends to think 
almost entirely in terms of productivity per 
labour unit. With large resources, expansion 
and competition as the historic norm, the 
antithesis between industry and agriculture 
has developed mainly in terms of differential 
returns on capital. His ambition therefore, 
is to industrialise agriculture, and his method 
—intensification—means increasing farm sizes 
and the degree of commercial specialisation. 

The British agricultural economist tends to 
think in terms of a historic norm ofa relatively 
wealthy industrial urban market and in 
terms of a long settled, densely populated 
country with no room for expansion—no 
slack to fall back on. His idea of intensifica- 
tion is in terms of mixed farming. Essen- 
tially a process of increasing capital applica- 
tion by waste reduction, such mixed farming, 
fitting many types of arable and livestock 
production into an extremely complex inte- 
grated unit, is the antithesis of industrial 
specialisation. 

1 Paper delivered to Section E (Geography) at the 
Newcastle Meeting, September 5, 1949. 
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Russian economic thinking in this field on 
the other hand, seems to be largely in terny 
of revulsion from pre-Revolution conditions ; 
revulsion from a historic norm of low produc. 
tivity protected by a particular social and 
political structure, and failure to utilise large 
industrial and agricultural resources. Witha 
background of immense new land possibili- | 
ties, the Russian economist now almost in. | 

«variably associates small scale farming with 
low productivity. 


These different schools of thought are all 


in a way, both right and wrong. Starting 
from a level of inefficient peasant-farming, the | 
remedy of collectivisation or commercialisa. | 
tion, or intensification, may be _ sound, | 
Applied to areas of efficient peasant-farming, 
this policy may in fact lower productivity. 
What actually is peasant-farming ? The 
term rarely has any precise significance other 
than that of a way of life. The dominance d / 
the schools of economic thought already men- 
tioned, seems to have resulted in the general 
use of the term to imply non-commercialism, 
conservatism, inefficiency and poverty ; to 
describe a system understood to be organised 


on too small a scale, badly equipped, under. , 


productive, irrational and anachronistic 
under all circumstances. 

The result has been that virtually every 
country with low living standards and 4 
rapidly increasing population, is holding a 
kind of Alice in Wonderland ‘ Tale of a 
mouse ” trial scene with peasant-farming in 
the dock, Fury’s justification being afforded, 
to quote Miss Doreen Warrener, by the fol- 
lowing economic maxims : 


‘In a progressive economy, resources 
must continually tend to move out of 
farming.’ 

‘ As industry expands, the farm popula 
tion moves into industry, the amount of 
land and capital per head of the rest of the | 


farm population increases, and the pro | 


ductivity of labour rises.’ 


In most cases, the planning countries, 
dominated by this Western and Marxist i 


sistence on productivity per labour unit, are | 


basing their policies on these maxims; 


attempting to substitute for all other type, / 
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Notes on the Distinction between Peasantry and Smallfarming 


collectivist or capitalist highly mechanised 
agriculture with absolutely and relatively 
smaller agrarian populations, and to trans- 
fer surplus labour into industry. The new 
industries, often without adequate basic 
resources, will apparently, because of their 
greater exchange value of productivity, increase 
national incomes and therefore elevate living 
standards. 

This process depends on the validity of one 
main proposition: that given the demo- 
graphic trends of the countries concerned, 
the agricultural revolution involved will mean 
greater total production. 

This proposition is fundamental, but un 
proven. Greater labour productivity is easily 
attained. Greater total production will often 
be impossible. 

From this point in the argument emerges 
the importance of distinguishing between 
irrational inefficiency and rational, efficient, 
and almost maximum utilisation of resources, 
both of which are to be found in what is called 
peasant-farming. The one can and should 
be replaced by more productive systems, the 
other very often cannot. 

The general characteristics of regions of 
peasant-farming are these: a high effective 
population density, farm units predominately 
smaller than 50 acres and mostly smaller than 
25 acres, landholdings divided into many 
separate parcels, locally made low cost equip- 
ment, a high proportion of de facto owner- 
farmers, and a high domestic consumption of 
every type of produce. 

There seem to be no other criteria of 
universal application. A complete absence 
of commercial specialisation is often sug- 
gested, but appears to be of little value when 
one considers the contrast between, for ex- 
ample, the Sulaimaniya district of Iraq with 
nearly complete subsistence farming, and the 
Spanish province of Orense in which 17 per 
cent. of the cultivated land is given over to 
mainly commercial viticulture. Similarily, 
generalisations concerning dependence on 
family labour seem inaccurate when one 
remembers that in the U.S.A., the ratio of 
family labour to hired labour in 1940 was 
2:7 to 1, whereas in England and Wales the 
ratio in 1939 was 0-7 to 1. 

The same variations are present in peasant- 
farming areas. The village of Arrubal on 
the Ebro 40 miles S.W. of Pamplona, had in 
1946, a male labour force of 80. Of these, 8 
were landless labourers, and another 16 who 
farmed between them 22 hectares, did regular 
hired work. Altogether, over 40 per cent. of 
the male working population was regularly 
employed by the remainder. 

The village of Umia, 20 miles East of Vigo, 
on the other hand, had in July 1949 no 
landless labour, and I was assured that not 
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more than two or three farmers did hired 
work. 

Other general criteria often used, such as 
low cattle population densities, are equally 
misleading. Low in most parts of Asia and 
the Mediterranean lands, densities are high 
in other regions such as Perigord and 
Auvargne, while, to quote the United States 
Department of Agriculture Miscellaneous 
Publication No. 665 : 


‘ |. . other areas such as the coastal lands of 


North Spain . . . have a much heavier 
density of cows per square mile than the 
densest dairy regions of the U.S.A.’ 


An examination of one particular type of 
peasantry, that of Spanish Galicia, illustrates 
the principles underlying the system of effi- 
cient peasant-farming. ‘The general pattern 
of land tenure and land utilisation shows the 
close integration of economy and environment. 

Population density is high, considering the 
small amount of urban development—about 
50 per square kilometre on the bleak plateau 
of Lugo and rising to over Z00 in the S.W. in 
Pontevedra. Generally owner-farmers would 
seem to make up between 60 and 70 per cent. 
of the total number of occupiers and probably 
own well over 50 per cent. of the cultivated 
area. Most tenants, whether paying money 
rents or, as is more usual, working under 
apercerias ’—share-cropping agreements— 
have such well established customary rights of 
hereditary tenure that the soil-robbing often 
associated with share-cropping seldom oc- 
curs. The individual has considerable lati- 
tude within the collective supervision of the 
use of rough pasture and poor land that needs 
long fallows, and few of the evils theoretically 
associated with the ‘ mir’ type of collectivity 
seem to exist. 

In so far as legal ownership is concerned, 
large estates predominated before about 1880. 
Nevertheless, the peasant communities as 
real controllers of rented farm units, are of 
much greater age. In much the same way 
that the result of the French Revolution was 
to assure the French peasants of legal owner- 
ship of lands already in their hands rather 
than to effect actual subdivision of large 
estates, so the increase in the quantity of cash 
in circulation that accompanied temporary 
emigration to the New World, and the later 
State action in destroying the sub-letting 
‘ foro’ system changed only the legal aspect 
of landholding. Seventeenth-century docu- 
mentary evidence referred to in the March 
°47 issue of Agricultura, indicates that apart 
from population increases and the expansion 
of cultivated area, conditions differed little 
from those of the present day. 

The essence of land utilisation in Galicia 
is the exploitation of every possible resource. 
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Notes on the Distinction between Peasantry and Smallfarming 


Generally, in the village lands, there is a 
division between the ‘ vega ’—the flat low- 
land, the higher terraces—the ‘ mesetas,’ and 
the waste lands—the ‘ eriales.’? In the vega 
zone are found the best pastures and minute 
parcels of arable land with crops and vege- 
tables of both temperate and subtropical 
type. On the hillslopes and terraces lie the 
larger grain fields. The wasteland, a mix- 
ture of pine and oak wood, furze, heather and 
rock, supplies fuel, constructional timber, 
building stone, animal fodder and bedding. 
Below about 300 metres, vines occupy the 
steeper slopes, and temperate and subtropical 
nut and fruit trees cluster around the houses 
and on poor land. 

The balance of crops varies with climatic 
differences. In the province of La Corujfia 
20 per cent. of the cultivated area is under 
potatoes, in Pontevedra 50 per cent. under 
maize. 

Wherever possible, crops are irrigated. 
The soils of Galicia, predominately granitic 
and sandy—humic-siallitic soils—permit rapid 
percolation. Effective rainfall is rarely more 
than one third of precipitation and is often 
only about 10 per cent., and that in an area 
where summer surface evaporation is very 
rapid. The rainfall average of over 50 inches 
per annum conceals the very marked annual 
fluctuations. At Pontevedra during the two 
critical months for maize growth, July and 
August, the rainfall figures for 1912 were 
275 mms., for 1921, 34 mms., 1931, 215 mms. 
and for 1937, 28 mms. 

Soil texture varies considerably in small 
areas as iscommon in regionsof lightsoil and/or 
igneous rock. ‘These variations intensified by 
the other conditions give marked local dif- 
ferences in soil productivity. The result is 
twofold. In the first place, parcellation ap- 
pears as a rational method of land division. 
The peasants concern is to obtain a balanced 
holding with land of all types. The greater 
the productivity of the land, the higher the 
price and the smaller the parcels. On the 
vegas of the village of Umia, highest quality 
irrigated land is priced at between 150 and 
300 pesetas a ‘conca’ (52 sq. metres)— 
28,000 to 56,000 pesetas a hectare. This 
compares with the American maize-land 
boom prices in the ’20s of about 70,000 
pesetas a hectare. In the same village the 
217 hectares of cultivated land are divided 
into 2,994 parcels, of which 1,493 are smaller 
than 5 ares. 

This subdivision, anathema to the econo- 
mist, is an integral part of the life of this 
region. Given a dense and increasing popu- 
lation, pressure on the land becomes acute. 
Every minute difference in land quality be- 
comes of importance and every scrap of land 
will be retained if possible. Hence selective 
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sales and purchases of minute areas. The | 
soil physicists of the Instituto Nacional | 
Colonizaci6n mainly trained at Rothamstead, | 
and the provincial agronomists, admit that | 
this process has a sufficient basis in these sojl | 
differences. 

Commassation becomes extremely difficult, 
In Arrubal the best the Institute could do | 
was to reduce the number of parcels from } 
971 to 389. In Galicia, it has completely 
abandoned the policy of concentration be. 
cause partial concentration has only a 
temporary effect, while complete commassa. 
tion means the destruction of peasant-farm. 
ing. It means upsetting the equilibrium that 
is the result of reliance largely on domestic | 
production, and increasing the commercial | 
element. This means that the law of| 
diminishing returns would play a greater | 
part in limiting labour outlay. The im. | 
portance of this progression may be seen from | 
the second result of great variations in land 
productivity and high population density, | 
This is the extension of cultivation, uneco- 
nomic if judged by commercial standards, on | 
to marginal lands. 

In Galicia between 100,000 and 150,000 | 
hectares of land are irrigated. Few irriga- | 
tion works serve more than 100 hectares | 
and most are smaller than 30. ‘The Galician | 
agricultural planners agree that in this area 
of extremely rugged terrain with a dense } 
hydrological network of small streams, the | 
cost of large planned work construction would | 
be disproportionate to the value of the areas } 
that would benefit. This consideration dos 
not affect the peasant, who by his own labour | 
will construct his own barrages and canals. | 
At Oitaven, for example, two canals, 4 andj 
kilometres long have been built through | 
difficult hill country in order to extend the | 
irrigated village lands by 80 hectares. The : 
important point is, that in the absence of the | 
peasant, such land would not be cultivated 
at all because commercial returns would not 
cover the capital outlay. To replace the 
peasant in such a region is to bring abouta { 
decrease in cultivated area. 

A decrease in cultivated area, unless accom | 
panied by large increases in land yields, 
means lowering total production. 

In most cases, yields are already extremely | 
high considering physical conditions. Con 
pared with the 1935-45 average maize yields 
in Iowa of about 2,900 lbs. per acre, the 
average for Pontevedra is, for irrigated land 
2,400 Ibs. and for unirrigated 1,400 Ibs. 
Wheat yields in Lugo of 1,640 lbs. per acre 
are higher than for Cardiganshire—1 ,450 lbs. 

Lowering total production and decreasing 
the agrarian population is only feasible if 
industries can absorb the surplus Jabour and 
if agricultural production in the rest of the 
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] de country can make up the deficit. Otherwise 


tead, the growing necessity for importing agricul- 
that tural products will mean an even greater 
e soi) dependence of the old countries upon the new 
at the very same time that the food exporting 
cult, countries, for example, of Latin America, are 
d do trying to decrease their dependence on food 
from} exports and imports of manufactures. _ 
etely The peasant economy is so organically 
1 be. | integrated that even minor modifications may 
ly a result in its destruction. This appears very 
assae clearly from a consideration of its equipment. 
farm. Crude and primitive though it may appear, 
1 that its deficiencies are less striking than is usually 
nestic) assumed. The modern plough with its 
ercial _ breast, coulters, discs and wheels, essentially 
w oft a sod cutter and turner and soil aerator, 
eater evolved in grassland or forest-grassland con- 
im | ditions, is not essential everywhere. On the 
from sandy Galician soils a firm sod does not form 
land and aeration necessary for bacterial action 
nsity, ) is not hindered. With small humus content 
neco.| and vulnerability to erosion, soil disturbance 
ds,on | must be kept to a minimum. Under these 
| conditions, the Roman ‘ aratrum’ type, an 
0,000 | animal drawn mattock, is sufficient, and can 
rriga. be used for a variety of purposes. Harvesting 
ctares | with sickle and scythe is often the only prac- 
lician | ticable method on many small patches of 
s area land. Ox traction on land unsuited to 
dense } tractor work, fits admirably into an economy 
s, the{ in which time and labour are not valued 
would | solely by the law of diminishing returns. 


areas} Many improvements in equipment are 
n does | actually to be desired. The difficulty lies in 
labour _ the fact that in terms of commercial exchange 


anals, | the peasants products are of high cost. Before 
and § | he can purchase industrial manufactures he 
rough | must make exchange possible by lowering 
id the | costs, ie. abandoning areas of marginal pro- 
The | duction, thereby bringing about the same 
of the | decline in production as would accompany 
ivated | the deliberate replacement of the peasantry 
Id not | by industrialised agriculture. 
ce the ) While from the point of view of each indi- 
bouta | Vidual country, such a planned destruction 
~ of the peasant may be regarded as social 
\CCOM | betterment, in fact, independent national 
yields, | schemes for so doing may only work if every- 
body else is not doing the same, since they may 
remely | Mean increasing dependence on _ export 
Com- Industries of doubtful viability and on the 


yields | availability of food imports. 

re, the} For this reason it might be an improvement 
d land | first to ascertain that the peasant areas to be 
0 Ibs. | "placed by industrialised agriculture, with 
er acre | all that that implies, are really what would be 


150 Ibs. | better called, areas of ‘ historic’ peasantry 
reasing | % inefficient small farming areas. These, 
sible if} "T reasons social and political rather than 
ur and | demographic or geographic, have had their 
of the} atural evolution towards environmental 
adaptation arrested. 
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They may generally be distinguished by the 
absence of the features found in Galicia. 
Yields will be very low relative to physical 
conditions, equipment will be ill adapted to 
the terrain, crop variety will be small and the 
range of soil conditions limited. Tree crops 
will usually be absent. Small fragmented 
holdings will be found alongside and in the 
same environment as large semi-feudal lati- 
fundia. Most of the land will be owned by a 
very small number of proprietors. These 
conditions were to be found in most of 
central Poland, large parts of Hungary and 
the Danubian lands of Rumania. They con- 
tinue to exist in the Soria region of Spain, 
most of the lowlands of Monsoon Asia and in 
many other areas. In these regions, the 
destruction of the historic peasant, the in- 
efficient small farmer, and the setting into 
motion of the arrested economic development 
of farming is possible and on a priori grounds 
desirable. It may nevertheless be difficult 
to adjust demographic situations that have 
developed in irrational economies. 

There are, however, many regions similar 
to Spanish Galicia in character, in which the 
farmer is a peasant proper, a geographically 
adapted element. These regions have dense 
populations of de facto owner farmers, possess- 
ing equipment suitable to local conditions, 
producing relatively high yields of a large 
variety of temperate and sub-tropical crops. 
Their chief characteristic, is the utilisation, of 
light hill soils under difficult climatic cir- 
cumstances, of lands which would not repay 
capital outlay by commercial farming. 

Most of the Old World Alpine Mountain 
belt and the European Hercynian upland 
zone are of this type, together with much of 
the Latin American Andean area. 

In some countries such as France, the 
peasant proper is being slowly eliminated. 
The cultivated area in France at present is 
over a million and a half hectares smaller than 
in 1938, while agricultural production, apart 
from livestock, has recovered to between war 
averages. ‘The abandoned land is mainly in 
the marginal peasant lands such as Limousin, 
Marche and Perigord. Improvement in 
technique in the non-peasant areas makes up 
the deficiency in total production. Social 
and political policy since the seventeenth 
century of encouraging local and national 
self-sufficiency, of protecting high cost pro- 
duction by tariffs, and more recently, of 
restricting production to avoid surpluses, 
means in a country of medium sized and 
slowly increasing population, that there is 
now considerable slack to fall back on. 

Where there is no slack, the policy of 
eliminating the peasant seems to indicate an 
under-estimating of the real productive vir- 
tues of the peasant proper as distinct from the 
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inefficient small farmer, and is reminiscent of 
a conversation in Napoleon of Notting Hill. 
Barker the bureaucrat says : 


‘We moderns believe in a great cos- 
mopolitan civilisation, one which will 
include all the talents of the absorbed 
peoples...’ 

The Sejior will forgive me interrupted 
the President of Nicaragua, ‘ may I ask the 
Sefior how in ordinary circumstances, he 
catches a wild horse ? ’ 

‘I never catch a wild horse,’ replied 


Barker with dignity. 


* Precisely ! ’ replied 
the President. 


The geographer should be able to strike g 
balance between the attitude of the agricul. 
tural scientist that all land can produce food, 
and that of the economist that land should _ 
produce the greatest cash value of food. 


These suggested distinctions between the | 


peasant and the proto-smallfarmer are not 
conceived as a defence of any ‘ status quo’ 
but as an attempt to bring agricultural 
planning down to earth. 


THE CHRONOLOGY OF THE OCEAN FLOOR}! 


BY 


Dr. HANS PETTERSSON 


In attempts to date geological features on the 
Continent a number of new methods have 
come into prominence during the present 
century. Some of these are limited in scope 
to the later Quaternary age, like those de- 
veloped in Sweden by De Geer’s measure- 
ments of varved clays and the pollen-analy- 
tical method of von Post and others. By an 
immense amount of labour the different 
glacial and interglacial periods of the Pleis- 
tocene have been recognised and intercon- 
tinental correlations established. Attempts 
to base an exact chronology of the Pleistocene 
on astronomical factors, influencing the dis- 
tribution of solar radiation over the different 
seasons undertaken by Milankovicz and 
others have not received general support. 
On the other hand the radioactive time- 
keepers locked in the rocks, namely uranium 
and thorium, have been used with signal 
success in measurements of the enormously 
longer time-span of past geological ages and 
have even been applied to age determina- 
tions of extra-terrestrial matter, e.g. of iron 
meteorites. 

To students of submarine geology the 
deep-sea deposits spread over the ocean floor 
offer an archive of unrivalled completeness. 
Here, however, dating of the different strata 
involves problems the solution of which is 
difficult. By the development in Sweden of 
new coring devices, especially the piston- 
corer of Kullenberg used during the cruise 
of the Skagerak in the Western Mediterranean 

1 Dr. Pettersson, of Géteborg, Leader of the 
Swedish Deep-Sea Expedition, read this paper to the 
Geology Section of the British Association on Sep- 


tember 2, 1949, during the Association’s meeting at 
Newcastle. 
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in 1946 and, more recently, during the cir. | 
cumnavigating cruise of the Albatross in 194) 
and 1948, the raising of very long cores of} 
sediment has become possible. In view of 
these long cores, there is need of trustworthy 
dating of different strata. 


A. The Radioactive Methods 


The disintegration of uranium into lead 
and helium proceeds at a rate much too slow | 
to be used in submarine geochronology. | 
Moreover, according to our earlier finds, 
confirmed by recent analyses made in the 
Institut fiir Radiumforschung in Vienna, 
there is a conspicuous lack of uranium in 
deep-sea deposits, as the content is generally 
of the order of 10-* grams of uranium per 
gram of deposit. The surprisingly high 
content of radium in certain deep-sea deposit | 
like red clay can be explained by a precipi 
tation from sea-water of the intervening / 
element ionium together with ferric 
hydroxide. By this partial removal of the 
ionium produced from the uranium in sea 
water not only the relative abundance d) 
radium in red clay, but also its low concer: | 
tration in sea-water can be explained. _ 

Analyses of the uranium and _ radium 
present in sea-water samples of large volume, 
taken at different depths and localities during 
the cruise of the Albatross, have been carried 
out, partly in Vienna and partly in Goteborg. 
The results confirm our earlier finds, namely, 
that the uranium content is fairly constant}, 
varying between 1-0 and 1-6 microgram 
per litre, whereas the radium content is mort 
variable and is generally about 1 unit or les 
in the 13th decimal place in grams per litt 
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as against its equilibrium value with the dis- 
solved uranium of about 4 units in the same 
decimal place. With both elements there is 
a tendency to slightly higher values with 
increasing depth. 

This fact seems to afford a possibility of 
determining approximately the actual rate of 
sedimentation during the last 10,000 years, 
which is the time required for ionium-sup- 
ported radium to attain its maximum value, 
in radioactive equilibrium with the precipi- 
tated mother element. Assuming 75 per 
cent. of the ionium produced from uranium 
in sea-water to be removed by precipitation 
and transferred to the sediment below a 
column of water 5,000 metres high, the ac- 
cumulation of ionium-supported radium per 
square centimetre of the bottom during 
1,000 years, with an average uranium con- 
tent of 1-3 x 10-® grams per litre, should be 
1:5 x 10-12 grams of radium in equilibrium 
with ionium. Assuming the radium con- 
tained in | gram of sediment to have this 
value, this would imply that 1 gram of sedi- 
ment had accumulated on each square centi- 
metre of the bottom in the course of 1,000 
years. A radium content ten times higher 
could mean a rate of deposition ten times 
slower and vice versa. 

There are various assumptions underlying 
the preceding reasoning :— 


(a) the percentage of ionium precipitated 
from sea-water is 75 per cent. 

(6) this proportion as well as the rate of 
sedimentation have remained constant, 

(c) no radium of different origin has 
entered the sediment. 


If the correctness of these assumptions is 
borne out by investigations in progress, the 
importance of radium determinations, especi- 
ally in the uppermost layers of deep-sea 
cores, is obvious. 

An alternative way of utilising radium 
measurements in different strata of a long 
core of sediment for age determinations also 
based on the ionium precipitation has 
already been applied by Wm. D. Urry and 
others to cores from the Atlantic Ocean, the 
Caribbean Sea and, more recently, also to 
cores from the Southern Hemisphere. Assum- 
ing the rate of precipitation and of sedimen- 
tation to have remained constant, or at least 
In Constant proportion to one another, the 
rate of ionium disintegration (to 50 per cent. 
in 82,000 years) from the upper layer of 
maximum radium content near the top of the 
core and downwards can be used as a time 
measure. Its application to cores from the 
Swedish Deep-sea Expedition is now being 
tried. If successful this method will give the 
time-scale spanning the last 250,000 to 
350,000 years, or as far back as the ionium- 
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supported radium can be measured with 
sufficient accuracy. Hopeful as the method 
now appears, it will not, even in the most 
favourable case, cover more than about the 
latter half of the Pleistocene. 

It is of interest to mention that the dis- 
integration of non-supported radium enter- 
ing into manganese nodules has been used 
successfully for determining their rate of 
growth, assuming the proportion between 
the radium and the manganese entering 
together into the concretion to have remained 
constant. In this case the half-value period 
of radium itself, or nearly 1,600 years, serves 
as a time measure. It is, however, also 
worth noticing that the absorption of radium 
by manganese precipitated from sea-water 
may, to some extent, contribute to the 
radium content in the very uppermost layers 
of a deposit rich in manganese, a complica- 
tion to be considered in applying the method, 
before mentioned, of measuring the actual 
rate of sedimentation. Such unsupported 
radium will, however, have disappeared 
before radioactive equilibrium with the pre- 
cipitated ionium has been attained. 


B. The Biological Method 


The calcareous shells of pelagic foramini- 
fera preserved in the bottom deposits, varying 
from thermophile to more hardy forms, 
indicate past fluctuations in the temperature 
of the ocean surface. This method was first 
applied by W. Schott to cores of moderate 
length taken by the Meteor from the North 
Atlantic, by Stubbings to cores from the 
Indian Ocean and, more recently, by 
Phleger to cores taken by the Albatross. The 
results found by Phleger with a core 15-4 
metres long, taken in the Caribbean Sea 
from a depth of 4,900 metres, display a very 
complicated pattern of past temperature 
fluctuations in the surface waters, which 
Phleger assumes to cover the whole of the 
Pleistocene. A linking up with the glacial 
geochronology of the North American con- 
tinent has been suggested by Mr. Ovey of 
the British Museum (Natural History), 
London, and Dr. Schott, who has worked in 
G6éteborg with some of our cores from the 
open Atlantic, has also found there evidence 
of considerable fluctuations of the surface 
temperature. 

There is little doubt that the biological 
analysis of foraminfera shells affords a very 
promising line of attack on the problem of 
submarine geochronology, especially if its 
results can be linked up with those from 
radioactive age determinations. 


C. Mineralogical Analysis 


The mineralogical analysis of long cores 
affords means of finding layers with a notable 
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Fic. 1.—Approximate relative changes in surface water temperatures based on the percentage 
variations of cold and warm water foraminfera from core 34 (15-4 metres in length), Albatross 
Station 10 (1947), Caribbean Sea. The top few centimetres, representing about the post- 
glacial period, were in such a fluid condition that they were lost when the core was extracted 


from the coring apparatus. 


(Based on Phleger 1948. Goteb. Vet. Vitt.-Samh. Hdl., ser. B.5, 


No. 14.) Printed by permission of the Royal Meteorological Society. 


content of volcanic shards, due to extensive 
rains of volcanic ash from eruptions of the 
past. In the analysis of cores from the North 
Atlantic, taken with the explosive core- 
sampler due to Piggot, two such layers were 
recognised in some of the cores, making it 
possible to construct isochronic surfaces. 
There are many ash-layers in the cores from 
the Mediterranean taken during the cruise 
of the Skagerak as well as during that of the 
Albatross. A tentative correlation of the 
uppermost layers with historical outbreaks 
of Mt. Vesuvius has been made with cores 
from the Tyrrhenian Sea. In rare cases, 
where volcanic ash of a peculiar colour can 
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be identified, as has been done in Iceland by 
Thorarinson with the eruption of Heckla in 
about 1,300 a.p., an exact dating may prove 
feasible. Obviously volcanic ash-layers o 
greater age than a few thousand years cal 
only be used for a relative geochronology. 


D. Pollen-analytical Methods 


As pollen-analysis has been used with 
success for post-glacial chronology in Scand 
navian and other countries, there is a poss- 
bility of its limited application to cores taken 
near forested islands or coasts for which 
pollen-analytical ‘ keys’ have been worked 
out. Thus recognisable pollen of species of 
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Pinus has been found in considerable amount 
in cores taken from great depths in the 
Tyrrhenian Sea. 

In conclusion attention should be called to 
some of the technical difficulties inherent in 
the methods of submarine age-determina- 
tions. 

It is essential that the cores investigated 
should be representative of the mechanically 
undisturbed stratification. This condition 
is not easily fulfilled in the case of the ex- 
treme top layer, which is sometimes in a 
semi-fluid state and in which, on the other 
hand, a detailed analysis, both radioactive 
and biological, is of special importance. 
Cores taken by means of the piston core- 
sampler should, therefore, be supplemented 
by shorter cores, taken by some contrivance, 
preferably of wider bore, and affording 
material large enough for a detailed analysis 
centimetre by centimetre. Further, with all 
coring devices used in great depths, there is 
always a risk of superficial contamination by 
strata of low coherence, like globigerine 
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ooze, becoming dragged downwards through 
friction against the tube walls. Hence the 
outermost layers over a thickness of at least 
a few millimetres should be removed before 
sampling the core. 

Finally, there are external and internal dis- 
turbing factors which may have caused a 
redistribution of the natural layers of sedi- 
ment, like slumping along slopes where the 
profile of the bottom is irregular, and also 
by mud-eating organisms which appear to 
delve in the deposit even at great depths, 
leaving their marks in the shape of ‘ worm- 
holes’ or tubular cavities, such as we have 
already repeatedly observed in the pre- 
liminary scrutiny to which the cores were 
subjected on board the Albatross. 

With due regard to these complications 
I may say, in summing up, that there are 
now several promising lines of approach 
towards a geochronology of the deep-sea 
deposits, but that much work remains to 
be done before we can hope to achieve a 
satisfactory dating of the sediments. 
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THE FORMATION OF THE CONTINENTAL TERRACE} 


BY 


Dr. Pu. H. KUENEN 


THE continental terrace has been attributed either to marine erosion, to deposition on the 
continental slope in the manner of fore-set beds on a delta, or the up-building on a subsiding 
foundation with or without warping or faulting along the edge. The author suggests that 
the Atlantic terrace of North America is due to subsidence and accumulation over the whole 
structure caused by isostatic adjustment to a load, primarily deposited as fore-set beds, 
Present terraces have been formed since the Paleozoic. The apparent disappearance of earlier 
terraces forms a baffling problem of fundamental importance to geophysics and geology. 


The continental terrace underlies the 
shallow shelf with its slight seaward inclination 
and the continental slope starting at about 
130 metres below sea-level and continuing 
to depths of a few thousand metres where it 
merges imperceptibly in the ocean floor. 
The average breadth of the shelf is 65 km., 
the average declivity of the continental slope 
is 4° to 5°. The margin of the shelf is a 
comparatively simple line running roughly 
parallel to the coast, while both shelf and 
continental slope tend to show surfaces de- 
void of large topographic irregularities, apart 
from the submarine canyons. In a few 
restricted areas, as off Southern California, 
basins and ridges form complicated features 
on the slope. 

The continental terrace forms one of the 
major topographic features of the earth’s 
crust, striking in its great regularity. Hence 
several authors have attempted to explain 
its origin. By some it has been attributed 
mainly to marine erosion and is considered 
to have been cut out of the mass of the con- 
tinental blocks by wave and current actions. 
Others have put forward the view that the 
terrace is essentially a wave-built embank- 
ment, which has been gradually prograded 
towards the deep-sea by the dumping of con- 
tinental detritus on the continental slope. A 
combination of these two views is the most 
widely favoured explanation. By some the 
slope is considered to represent down- 
warped continental areas, or a feature caused 
by fault-lines or fault-zones. It has also been 
suggested that the inner parts of the shelf 
represent infilled basins and the outer parts 
a wave-bevelled ridge. More recently sub- 
sidence and concomitant sedimentation have 


1 The text of a paper read by Dr. Kuenen, Pro- 
fessor of Geology at Groningen, to the Geology 
Section of the British Association on September 2, 
1949, during the Association’s meeting at Newcastle. 


76 


been suggested as the main processes in 
operation (Ewing et al, Umbgrove). 

Data upon which to choose between these or } 
other possibilities are as yet very meagre, 
One of the reasons is that the surface of the 
shelf has been acted upon by the glacial 
lowering of sea-level and is not adjusted to 
present sea-level in respect either of depth! 
or of sedimentary cover. It has not yet been 
ascertained how profound have been the 
alterations it underwent and how far present 
superficial deposits represent fossil condition } 
or the action of sedimentation now in pro- 
gress. Hence sampling of the shelf cannot 
give direct evidence on the mode of terrace 
building. 

However, three types of evidence have 
been obtained of latter years which are of 
great assistance in forming an opinion: (I) ) 
rock sampling from the walls of submarine 
canyons, (2) seismic prospecting of the shell, 
(3) deep oil wells in the terrace. 

Samples taken from the walls of canyons 
off California and the east coast of America 
(Shepard, Stetson) reveal Tertiary and Cre- 
taceous strata similar to those found on the ; 
adjacent coasts. These beds appear to dip 
seaward more steeply than the shelf surface, 
but less steeply than the continental slope. 

Seismic prospecting on the American east 
coast (Ewing, see also Shepard, p. 170) gives 
roughly the same picture, i.e. slightly consoli- 
dated strata overlying more compacted , 
material on a surface of basement rock dip- 
ping regularly from the inland outcrops t0 
depths of 4,000 metres or more at the edged 
the shelf. This result was duplicated off the 
English Channel (Bullard and Gaskell). 

Recently released data from oil well 
drilled in the coastal area of Cape Hatteras 
give the most reliable picture (Swain). 
When arranged according to distance from 
the mainland coast they show a prism d 
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di Fic. 1.—Several views on the formation of the continental terrace shown schematically with all 
angles of slope much exaggerated. 

act, (A) Erosion combined with step-faulting and collapse. 
, (B) Outbuilding with slight erosion. 

east (C) Upbuilding on subsiding foundation, the strata cropping out on the slope ; the latter 
ives may be ascribed to faulting or collapse. 
, i (D) The view proposed in this paper ; outbuilding with regional isostatic subsidence causing 
30! upbuilding. Later recoil on the landward side. 
cted ' (E) The same as (D) but off the mouth of a large river, hence greater volumes of sediment 
dip- and deeper depression of the original surface. 
eof Tertiary to Lower Cretaceous strata resting In what follows attention is restricted to the 
‘the on a weathered surface of granite. Each terrace on the American east coast about 


stratum thickens regularly seaward but the 
vells surface of the granite dips less steeply than 


ras the continental slopes. It has not yet been 
in). ascertained whether these rocks crop out on 
rom the slope or pass out into portions dipping as 
of fore-set beds. 


which data are most plentiful. In late 
Jurassic times granite was exposed above sea- 
level at the present site of Cape Hatteras. 
Progressive subsidence and concomitant de- 
position of marine sediments with a few 
non-marine intercalations continued up to 
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Fic. 2.—Diagram showing the data from oil wells in the Cape Hatteras area as given 
by Swain. Arranged according to distance from mainland coast. Vertical scale 


greatly exaggerated. 


the present. Hence the terrace is not an 
erosion feature but represents a vast accumu- 
lation of sediment. The main body was 
built not by fore-sets but from superposed 
strata deposited almost horizontally, like the 
half of a geosyncline. Had the terrace been 
built outward by prograding, boreholes on 
the inner side would meet only older rocks. 

The present continental slope cuts across 
the trend of these strata. Following a tenta- 
tive suggestion by Shepard one can picture 
it as a fault scarp and imagine that the sedi- 
ments formerly extended further seaward. 
Either the slope is the face of a fault dipping 
at a few degrees seaward, or the fault-plane 
or planes are much steeper and slumping 
has reduced the slope to its present moderate 
angle. 

The main objections to this view are that 
the edge of the shelf does not look like a 
caved-in fault scarp, while a nearly hori- 
zontal normal fault or stepped faults would 
represent a stretching of the crust amounting 
to one or two dozen kilometres at the very 
least. The fault, moreover, would have to 
antedate the submarine canyons cutting 
across it, while it must postdate the Upper 


Tertiary sediments which it is thought to cut. 
This would mean a sudden worldwide fault- 
ing of the continental borders in late Pliocene 
times. Moreover, a huge additional volume 
of Mesozoic and Tertiary sediment must be 
accounted for, lying beyond the fault below 
the present deep-sea floor. 

As one cannot imagine continuous thick- 
ening beyond the fault, or even undiminished 
thickness across the ocean bed, some type of 
primary oceanward slope beyond the fault 
must be assumed anyhow. It is reasonable 
to assume that the existing slope is an 
original depositional feature, since otherwise 
it is necessary to postulate a theoretical slope 
further out towards the ocean which has 
disappeared by the extremely controversial 
faulting process without leaving any trace. 

Substitution of downwarping instead of 
downfaulting does not much clarify the 
picture, although this does not lead to such 
improbable consequences. ‘There is, more- 
over, some supporting evidence as will be 
pointed out presently. 

A more logical view can be put forward as 
a working hypothesis, although it also leaves 
important points open. Let it be assumed 
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Fic. 3.—Schematic representation of terrace building during flexure of the 
continental border, supposing a stable hinge-line at sea-level. After Umbgrove. 
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that the late-Jurassic coastline was situated 
a small distance beyond Cape Hatteras and 
that sedimentation was building a small ter- 
race with fore-set beds in front showing a 
slope comparable in steepness to the present 
continental slope. The weight of this prism 
would cause isostatic subsidence carrying 
down adjacent areas both of the fronting slope 
beyond the depositional wedge and of the 
coastal region. According to computations 
by Vening Meinesz regional isostatic com- 
pensation tends to affect the crust to distances 
of the order of 100 km. away from the load. 
In our case one may suppose that a strip 
some 50 to 150 km. broad on both sides of 
the depositional wedge was being carried 
down. Hence additional sedimentation 
would tend to occur on top of the original 
wedge and on the landward area in the space 
provided by subsidence below sea-level. As 
this process continued the terrace would 
grow towards the ocean by fore-sets and up- 
ward and backward by top-sets. The deposi- 
tion of fore-set material is primary and the 
thickness of each stratum would be greatest 
in this area. ‘The top-set material, although 
contributing to the weight and therefore to 
the subsidence, is merely secondary because 
it can only accumulate in consequence of 
the subsidence due to the fore-sets. 

However, when a section is drawn to scale 
it is seen that the total volume of top-sets 
is probably of the same order of magnitude 
or even greater than that of the fore-sets. 

Where the supply of detritus is greater, as 
at the mouth of a large river, the shelf will 
be prograded further. ‘The original surface 
is then covered by so thick a column of sedi- 
ment that it is forced down far below the 
level of the deep-sea floor (Fig. 1, E). 

As the primary cause of subsidence gradu- 
ally creeps seaward the secondary effect will 
not spread inland indefinitely. On the con- 
trary it is legitimate to suppose that eventu- 
ally elevation will proceed outward from the 
continent because the crust will strive to 
regain local isostatic balance. ‘This means 
that the regions bent down secondarily will 
tend in the long run to rise again. 

Umbgrove’s Figs. 66 (our Fig. 3) and 182 
show the continental terrace developing by 
the addition of top-sets and fore-sets. But in 
spite of similarity to the view here put for- 
ward, the basic idea is different. Thus 
obviously the warping movement is con- 
sidered by Umbgrove to be primary and 
largely independent of sedimentation. It can- 
not have continued in the same sense and at 
the same velocity throughout geological 
history. With swift downwarping on a hinge 
line moving inland there would be no out- 

uilding. With slow subsidence or outward 
Moving hinge line there would be mainly 
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prograding. That the hinge line is not stable 
follows from elevation in the coastal plain of 
Cretaceous and Tertiary sediments that were 
deposited on a sinking foundation. 

If the subsidence is not attributed to the 
weight of the sediments a terrace could be 
built out by prograding in the manner of 
Fig. 1, B, where there did not happen to 
occur tectonic downwarping. The view here 
advocated is that this is not possible. The 
volume of the terrace is so enormous that the 
crust cannot support this extra weight by its 
strength. It can hardly be denied that 
isostatic reaction to this load must take place 
and result in great subsidence and that 
tectonic forces are not required to account for 
the observed downward movement. If there 
were no reaction to the load a positive 
isostatic anomaly of the order of 200 to 300 
milligals would be found towards the edge of 
the shelf. 

Umbgrove cites various authors who have 
shown that flexures of a tectonic nature along 
the continental margins are normal pheno- 
mena. It is not the intention of the present 
writer to deny the reality of these movements, 
but they are considered to represent secondary 
—though widespread—features causing local 
complications and not the primary cause of 
terrace formation. 

The proposed explanation of the con- 
tinental terrace does not call for any abnormal 
processes or catastrophic happenings. Sedi- 
mentation in fore- and top-sets is well known 
from major deltas. The accompanying sub- 
sidence is no less evident from data obtained 
by boring, levelling, archaeology, etc., on 
several large deltas. In fact the picture 
offered appears to form a logical and straight- 
forward deduction from what is known to oc- 
cur more swiftly off the mouths of large rivers. 

Let us see how far the known data fit the 
explanation here proposed. The borings 
show how the original land surface was 
gradually depressed and covered with sedi- 
ment. Later elevation on the landward side 
took place. The seismic data carry the 
picture to the edge of the shelf, while the 
sampling in the Georges Bank canyons shows 
its continuation still further out. But on the 
crucial point, whether the strata bend down- 
wards before cropping out on the slope, we 
are not yet informed. A section to scale 
shows that the outward building of the terrace 
since early Cretaceous times would not 
amount to more than a few kilometres and 
the canyon samples were obtained too far in 
from the continental slope to throw light on 
this point. Moreover, periodic sliding on 
the slope may take place now and then so 
that an outcrop here and there of older 
strata would not disprove the hypothesis 
suggested. 
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The Formation of the Continental Terrace 


Gravity measurements over the shelf by 
Vening Meinesz show that in spite of the vast 
accumulation of sediment there is no ap- 
preciable divergence from isostatic equili- 
brium. This means that three-quarters of 
the terrace volume represents isostatic sub- 
sidence. Taking the density of the sub- 
stratum 3-0, that of the terrace (pore space 
saturated with water) 2-5, and water 1, the 
load below the original slope would repre- 
sent five-sixths of the displaced substratum, 
and above it would be a half. Towards the 
edge of the shelf the subsidence would be 
about equal to the thickness owing to addi- 
tional regional depression, on the slope it 
would be less. Therefore all subsidence 
proved by borings, etc., can be accounted 
for by loading and no additional tectonic 
depression is called for. 

Some of the seismic sections show indica- 
tions of formations being bent up towards 
the shelf margin rather than down. If there 
have always been deposited coarser materials 
at the break in slope of the terrace edge, as 
found under present conditions, there should 
occur a zone of different composition in the 
body of the terrace rising towards the present 
edge. ‘This structural complication, cutting 
across the surfaces of equal age, may be 
responsible for the seismic result mentioned. 

So far the data are accounted for satisfac- 
torily but several major questions have not 
been answered. In the first place we started 
from a pre-Cretaceous slope of basement rock 
dipping to the ocean floor and in isostatic 
equilibrium. Although a convenient pos- 
tulate it is difficult to account for. 

Umbgrove points to the coincidence in 
time of the beginning of subsidence with the 
ending of the orogenic cycle in the adjacent 
area. But he assumes a gradual continua- 
tion since that time due to internal forces. 
The present author has here attempted to 
show that the Mesozoic and later subsidence 
is due to external forces. Hence, the original 
subsidence was a relatively swift process 
caused by internal forces and followed by a 
more leisurely reaction to loading. Naturally 
additional vertical movements by internal 
forces can have occurred here and there. 

This first point leads us directly to a still 
more important and fundamental question. 
The terrace on the east coast of America is 
not below the average in breadth. If it was 
built entirely since Paleozoic times one-tenth 
of geological history would suffice to account 
for all major terraces of the world. What has 
happened to the many times larger bulk of 


terrace which must have been formed jn 
earlier ages?—a question already raised by 
Umbgrove. 

It is true we know of many borderlands 
that formerly supplied detritus to fill large 
geosynclines and that have since made place 
for oceanic areas in no way differing from 
the rest of the ocean floor. In subsiding these 
areas may have formed the slopes of basement 
rock mentioned earlier. But this problem 
of subsided borderlands is rendered ail the 
more baffling by the addition of the much 
larger bulk of deduced ancient continental 
terraces. These are logically to be postulated 
as having occurred also on the seaward side 
of disappeared borderlands, and along coasts 
which do not happen to show evidence of 


) 


former extension of the land. In fact, peri- | 


pheral subsidence around all continents to 
oceanic depths appears to have been opera- 
tive now and then without equivalent eleva. 


tions. One is loath to accept a view s0 


revolutionary and so improbable. But how 
can it be avoided in the face of such convine- 
ing evidence ? 


In the opinion of the present writer the | 


importance of this problem cannot be over- 
estimated. These vast subsidences of con- 
tinental areas are in apparent contradiction 
with established notions on isostasy, the per- 
manence of the oceans, the contrast between 
sial and sima, and the geophysical differences 
between continental and oceanic sections of 
the crust. As long as this problem remains 
entirely unsolved it must be admitted that 
the enumerated conceptions of crustal 
structure and reaction to forces are open to 
grave doubt. 
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AGRICULTURAL ECOLOGY AS A BRANCH OF SCIENCE 


BY 


Dr. F. FRASER DARLING 


EcoLocy is the science of causes and conse- 
quences. As the study of the organism in 
relation to its environment the science has 
tended, rightly of course, to be a study of the 
organism in nature, finding and defining its 
niche. The extension of the science to the 
study of causes and consequences is possible 
when a good deal of work has been done on 
separate organisms and on communities, 
giving the biological detective his basic 
material for deduction. ‘This is the exciting 
analytical-synthetical side of ecology and the 
accuracy of the detective’s deduction is 
largely a measure of his ability to grasp and 
co-ordinate a large number of facts to do with 
a large number of organisms in several facets 
of their existence. Several branches of 
science are involved. The ecologist then, 
tends to be a gleaner in science who cannot 
help acquiring a good deal of intuitive skill 
in his searches, and his brothers in biology 
sometimes raise their eyebrows or look down 
their noses at this superficial fellow. Some of 
our ecological friends get over this obstacle 
by being a botanist or zoologist first and 
ecologist second. 

The ecologist will have to endure the jibe 
until he can show that his lack of profundity 
as a morphologist or physiologist or systemat- 
ist is compensated by his breadth of grasp and 
skill in forecasting consequences. The agricul- 
tural ecologist does not study the organism in 
nature so much as in the modified environ- 
ment that man influences or creates, but 
above all he does not neglect the world of 
nature on, under and round the farm. He 
considers species and eco-types to fill parti- 
cular niches, and how environments can be 
modified to accommodate certain organisms, 
and he finds himself delving into branches of 
science as far apart as endocrinology, geology, 
meteorology and soil science. The agricul- 
tural ecologist is also going to be dubbed a 
jack-of-all-trades until he can show some 
masterly results in analysing causes of present 
situations and predicting consequences of 
practices. But what a remarkable field of 
usefulness he has! And let us admit outright 
that agricultural ecology is applied science 
and is directly useful. Nevertheless, it is essen- 
tially a subject for the reflective and academic 
mind which is prepared to look upon agricul- 
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ture as its scientific field. The agricultural 
ecologist cannot be concerned with the 
profitableness of farming, or its organisation 
and efficiency. That is the field of the 
agricultural economist, whereas the ecologist 
is a biologist. It should be said, however, 
that some of the leading agricultural econom- 
ists are reaching into ecology, finding them- 
selves involved in a discipline in which they 
have not been trained. One of them said to 
me the other day, ‘ We are supposed to help 
in shaping policy, but we can’t feel convinced 
about the soundness of advice until we know 
what happens to land and a countryside as a 
result of a policy being put into practice.’ 
The problem is ultimately biological. 

Farming is essentially applied ecology. 
Husbandry is an attempt to create optima for 
a few plants and animals which we call 
domesticated. ‘These optima are not always 
reached or intended quite to be reached be- 
cause economic factors intervene, but broadly 
the farmer seeks optima because such environ- 
mental conditions make for maximum pro- 
ductivity. The skill of farming is in finding 
optima either by experiment or intuitively 
and thereafter directing husbandry towards 
them. The husbandman goes forth to 
modify environments, small and large, and at 
various stages of his labours he finds he needs 
particular types of animals to take advantage 
of the environment. Sometimes they are to 
hand, sometimes he has to seek them and 
sometimes he may modify the animal to 
match the environment. 

When the bison grazed the prairies of the 
Middle West, man needed a swift and intelli- 
gent horse. Where the prairies became cattle 
range, the same horse was essential and the 
rancher turned to that ecological museum, 
Britain, for the grass-ranging Hereford cattle 
beast. Where the rich prairie was ploughed, 
the swift horse gave place to the more placid 
draught horse, until he in turn gave way to 
mechanical power. The plough eats into 
the ranching country and we find Shorthorn 
ousting the Hereford, and finally, in a full 
corn husbandry, those supreme converters 
of arable produce, Aberdeen-Angus cattle 
and the Chinese types of swine, appear. This 
is plain ecological succession. But one of the 
problems for the agricultural ecologist is 
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Agricultural Ecology as a Branch of Science 


whether the corn-Aberdeen-Angus-Chinese- 
hog husbandry is a climax and whether it can 
be maintained. 

The problems of maintaining an arable 
husbandry on what was natural grassland 
are considerable, but how much greater when 
the climax vegetation was forest, and on 
slopes! I think we should keep in mind as 
a principle that climax vegetation loses least 
and builds most, and that we should break no 
more climax vegetation than we can properly 
manage. As the American ecologist Paul 
Sears has said, ‘The soundest ecological 
apportionment of the landscape would be 
represented by a minimum of carefully 
selected, skillfully operated plowland with a 
maximum of natural vegetation.’ 

Almost every act of the farmer on the land 
sets in train an ecological sequence, and we 
may continue to be amazed at what man 
achieved empirically. The operation of 
drainage for example, is profound in its con- 
sequences : the lowering of the water table 
means aeration in the upper layers ; anae- 
robic organisms give way to aerobic, the pH 
value is changed ; temperature is raised ; 
many soil organisms disappear and other 
species take their place ; earthworms may 
colonise the habitat as a result of the raised 
pH, and of themselves establish in that soil a 
new system of circulation and complex of 
living things. The flora of the habitat will 
change rapidly. If man comes in with his 
plough, the process is speeded up ; oxidation 
is increased and organic matter is used up. 
The addition of lime still further advances the 
changes. The cultivations for a corn crop 
and final consolidation of rolling are direct 
ad hoc modifications of the environment to- 
wards optimum conditions for the crop. 

The rise of phosphatic manuring was 
definitely ecological. Poor land was dressed 
with basic slag which encouraged the wild 
white clover which was relished by a larger 
head of stock. The increased amount of 
dung and urine, and the greater amount of 
treading further influenced the herbage floor 
and there was a resurgence of grass, partly 
caused by the dung and urine and partly by 
the nitrogen fixed by the nodule bacteria of 
the clover. The Elliot system carried this 
ecological method of pasture improvement 
still further by using plants which would fill 
certain niches in the herbage, such as being 
deep-rooted and therefore bringing basic 
materials to the surface and helping vertical 
drainage. Nitrogenous manuring, on the 
other hand, reduces the flora and creates a 
small number of dominants. The ecology of 
ley farming is as yet but a lightly harrowed 
field : it is one in which we shall have to 
make much deeper enquiry. 

But the farmer and the agricultural 
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ecologist are not necessarily the same person, 


The farmer, perhaps unfortunately, is vitally 
interested in immediate or not-far-distant 
profitability ; his eyes are also directed to his 


own ground. His historical sense has little | 


chance of being developed and he is not 
usually able to see the ultimate consequences 
of what may seem meantime to be sound 
practice. The ecologist looks afar, compar. 
ing different stages of the same process where 
he can, and never omitting to study history, 
A good example to illustrate this point is the 
extensive, extractive sheep-grazing of the 
Highlands. The old forest protected the 
accumulated fertility of thousands of years on 
an initially poor terrain. When the forest 
was felled the ground grassed over quickly in 
a wet climate and there was available a 
wealth for the sheep farmer. I cannot go 
into details in this brief résumé, of the 
ecological changes in the edaphic conditions 
over a hundred to two hundred years, but 
suffice it to say that loss of cover, unbalanced 
grazing, and burning have impoverished the 


~- 


soil, the flora, the soil fauna, and the country- | 


side asa whole. Hills which formerly carried 
Cheviots are now going to  Blackfaces, 
Degradation is progressive until a solid stand 
of bracken (Pteridium) or Scirpus bog is 
reached. Yet at no one period in this history 
has the sheep farmer or anyone else con- 
sidered that this type of pastoralism was 
ecologically unsound. 

The field of stock-raising and pastoralism is 
full of interesting ecology. ‘Take the sheep 
breeds of Britain and consider how each is 
adapted to a particular and often quite nar- 
row habitat. Very few breeds have a really 
wide range of habitat, and over-enthusiastic 
breed societies may do harm by advertising a 
sheep into the wrong place. Conversely, 
careful study of environmental complexes can 
indicate which breeds may be used in other 
habitats. There is a classic paper by J. E. 
Nichols on this subject in the Journal of 
Animal Ecology, 1933, which could well have 
been followed up and the methods extended. 
More recently, Hammond at Cambridge has 
been getting down to the physiological 
reasons why certain types of cattle are 
adapted to certain habitats. For example, 
there are such chains as these : 


High rainfall—leaching of bone-forming 
nutrients—animals of small or fine skeletal 
structure ; 

Aridity—long distances from water—capac- 
ity to store internal fat, which provides 
water during katabolism—humped zebu, 
camel and fat-tailed sheep ; 

Dry savannah—capacity to browse i 
order to obtain moisture—goats 4s 
against sheep ; 
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Snow and frost—close fleece over the back 
—Romney Sheep as against Lincoln. 


Within our own hill breeds of sheep there 
are anatomical differences of adaptive sig- 
nificance ; for example, the Lonk sheep of 
the Southern Pennines and the Lewis sheep of 
the Outer Hebrides are fine-boned, long- 
legged types of the Blackface breed, which 
are an Offence to the eye of the Blackface 
breeder of the Southern Uplands of Scotland. 
But the Lonk and the Lewis sheep live in a 
land of deep peat hags and scanty calcium 
and phosphorus. The fashionable Blackface 
or ‘short sheep ’ as it used to be called would 
be quite unsuitable. The Lonk and the 
Lewis Blackface should not be objects of 
ridicule in their own countrysides. 

This brings me to the subject of fashion and 
personal whim which are usually the opposite 
to the ecological approach and so often end in 
disaster. There is no common sense in 
parochial patriotism when it involves taking 
a breed of animal into the wrong habitat 
simply because you like them or your father 
made money out of them back in somewhere- 
or-other. The Blackface sheep has been a 
great sufferer from fashion which, playing 
with fleece length or texture, with horn type, 
breadth of head and muzzle depth, has from 
time to time detracted from the capacity of 
the breed to endure its habitat. Conversely, 
in animal breeding as a whole, the ecological 
approach is fundamental and is fully recog- 
nsed by the geneticist. The ardent ‘ im- 
prover’ should curb himself and never lift a 
beast above its habitat. For example, the 
Highland breed is complained of as being 
late maturing : this character is in fact its 
greatest asset, in that the animal can wait 
five years and perambulate the necessary 
number of miles before it gathers nutriment 
enough to reach a weight of 180 stones. The 
British Friesian, by reason of its specialised 
metabolism, would be unable to wait and 
would die. In short, whether in animal or 
crop husbandry, we must define and choose 
eco-types for particular environments. 

The careful stratification of sheep breeds 
and crossing in Britain and New Zealand 
shows a lively consciousness of the dictates of 
habitat, but in Britain at least there is not the 
same wisdom shown in the management of 
tattle stocks. ‘This is especially apparent in 
the Highlands of Scotland, where systemat- 
sed breeding policy is being followed only by 
the very few, and the general result is lack of 
uniformity of quality or type among the 
tattle stock to be seen at a sale of grazing 
animals. The fault is not in the good quality 
of the bulls going into the area, but in the 
haphazard, non-ecological breeding policy. 

Our great power of modifying environ- 
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ments sometimes blinds us to our limitations 
in this respect. In some sheltered and remote 
environment of an office we decide that in- 
creased winter milk production is essential. 
All well and good if we have enough field 
work to hand to show where and where not 
this policy should be encouraged. A recent 
paper by Philips and Davies in the Journal of 
Dairy Research is a model of the ecological 
approach to this problem. Their area was 
the south-western peninsula of Wales and 
they showed how closely linked winter milk 
production was with the milder coastal con- 
ditions. The line of the January isotherm 
was particularly significant, the principal 
critical factor in the environmental complex 
being the temperature during the conception 
period of autumn calves—December to 
March. One of the lessons of agricultural 
ecology is that it is no good kicking against the 
pricks. 

One of the prime tasks of agricultural 
ecology, as I have said, is to examine the 
time factor in farming and pastoral practice, 
and to study the implications of such his- 
torical fact as has come down to us. As in all 
historical research, significant factors may be 
unearthed from many odd corners ; take for 
example the first English charter of which a 
contemporary text has survived, that of 
Hlothere, King of Kent, which in making the 
gift of land, does not define the arable, but 
carefully indicates feedings, marshes, little 
woods, springs and freshwater fisheries that 
went with it. Stenton in his Anglo-Saxon 
England says, ‘ Phrases like these conceal an 
extensive exploitation of rough ground, forest 
and marsh, which was hardly less important 
in rural economy than the arable cultivation 
itself.” The recent establishment of the 
Nature Conservancy indicates that once more 
we are taking into account the value of waste 
and forest and are anxious to integrate the 
wild and the farm into an harmonious 
relationship. 

Early in English history the shortage of 
winter keep was as big a problem as it is in the 
Highlands to-day, but the role of waste and 
wild in providing cover and pasturage was 
perhaps better understood. Beef-eating was 
a luxury to the Saxons—as indeed to us—and 
the old razor-backed swine were their prin- 
cipal source of meat. The advent of these 
animals in large numbers must have been a 
considerable factor in preventing regenera- 
tion of forest growth, eradicating the pristine 
field layer and influencing the physico- 
chemical state of the soil. Park-like condi- 
tions would follow, especially as some of the 
trees were felled or died. Thus grazing con- 
ditions for the Saxon and medieval sheep 
farming were extended. The sheep also pre- 
vented regeneration and with the help of 
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cattle would bring tracts into more suitable 
state for the plough when population pressure 
demanded extension of arable cultivation. 
We find the Church to have been a consider- 
able ecological factor in the spread of sheep ; 
for example, the Cistercian Order with their 
northern abbeys and lands. The effect on 
the landscape was profound, and we may 
suspect that at the height of medieval sheep 
ranching, the capital of the land was being 
mined. 

Political events became ecological factors. 
Edward III was on the war-path and taxed 
the lords of the manor so hard that they let 
their lands and flocks as going concerns, with 
a resulting decline in standards of husbandry. 
Meddling with the Wool Staple by restriction 
altered the whole orientation of sheep farm- 
ing, and the Black Death had also upset the 
agrarian situation, with consequences to the 
land itself. Again, what were the effects of 
the Reformation on the land and husbandry ? 
Was the advent of Continental improvements 
in crop husbandry retarded, or was enclosure 
so accelerated that the new age of the 
eighteenth century came nearer ? Enclosure 
was a necessity before a_ differentiated 
agriculture was possible, providing the phy- 
sical conditions for livestock improvement 
and rotation husbandry. The principle of 
rotation was one of the greatest ecological 
factors in agricultural history, especially in its 
inclusion of clover to fill a niche previously 


unoccupied. Vastly increased potential pro. 
duction was the result of using ecological] 
principles. 

At the present time we are in some danger 
of forgetting them, often because the demang; | 
of efficiency and mechanisation call forth 
practices which produce results in a slick | 
cost-account fashion to which our mind is ad. | 
miringly attuned. But we need to examine | 
the ecology of the hedgerow before we grub 
it up; what are the pest and _redator 
populations of different sizes of mono-crop 
areas ; what is the number and variety of ? 
predatory Hymenoptera under different sets 
of conditions; what are the relations of 
waste and wild to cultivation and the water 
table ; what are the consequences to living 
things, including domesticated animals and 
plants, of some of the immense drainage 
schemes of recent years ; and what happens } 
to the beneficial insect fauna when farmers 
are let loose with sprayers and poisons? All 
these things need examination in time, and | 
time can be saved by prudent travel, com- 
parison and deduction. 

Perhaps I was wrong to entitle this paper | 
agricultural ecology as a branch of science; 
it is as much an attitude of mind, but a 
strictly scientific attitude which one hopes 
may become diffused through the many 
branches of agricultural science and take its 
place at the council table in deciding on land 
utilisation. 
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BIOLOGICAL ASPECTS OF RIVER POLLUTION?! 


BY 


Dr. B. A. SOUTHGATE anp OTHERS 


Tue two main sources of pollution of surface 
waters are sewage or effluents from sewage- 
treatment works, and the many kinds of 
waste waters from industrial processes. Al- 
most the whole of these liquids have event- 
ually to be disposed of by discharge to rivers 
or to the sea. 

The volume of water-borne sewage in this 
country is perhaps of the order of 1,500 to 
2,000 million gallons per day. From towns 
on the sea coast this is usually discharged 
without any form of treatment ; from towns 
on estuaries it is often similarly discharged in 
its crude state (as for example, into the Tyne, 
Tees, and Mersey Estuaries) or after only 
partial treatment (for example, from parts of 
London into the lower reaches of the Thames 
Estuary). At most inland towns of any 
considerable size, however, sewage is now 
given ‘full’ treatment, which means that 
sludge is removed by sedimentation and dis- 
solved, and colloidal constituents are oxidised 
by biological processes. By such treatment 
95 per cent. of the organic matter originally 
present will be removed before the effluent is 
discharged. 

Waste waters from manufacturing pro- 
cesses are of many different types. Some— 
for example, those from washing of coal— 
contain comparatively inert suspended solids ; 
others—including those from the food indus- 
tries—contain dissolved and insoluble organic 
matter of natural origin ; and some—for in- 
stance those from the metal industries—con- 
tain inorganic substances, some of which are 
poisonous. Many trade wastes are dis- 
charged to the municipal sewers and in inland 
districts are treated in admixture with the 
sewage. Some are treated in purification 
plants on the factory premises and are dis- 
charged direct toastream. On the sea coast 
and on estuaries many are discharged without 
any form of treatment. 

Thus the degree of pollution in surface 
waters and the extent to which animals and 
plants are affected by it may vary from minor 
changes in distribution of fauna and flora 
caused by the discharge of a well purified 
sewage effluent into a comparatively pure 

* Report of a series of papers read at a joint session of 
ections D and K on September 5, 1949, during the 
Newcastle Meeting of the British Association. 
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river to the elimination of all but a few of the 
more resistant organisms in rivers and 
estuaries in some industrial districts. 

The effects of the discharge of polluting 
wastes, containing as they do such a wide 
variety of materials, are, of course, very com- 
plex and comparatively little is known about 
many of them. Profound changes in the 
nature of a stream and in the distribution of 
animals and plants in it may be caused by sus- 
pended matter which is discharged as a con- 
stituent of most domestic and _ industrial 
wastes. ‘This may be inert material, such as 
clay, or comparatively inert material such as 
is discharged in waste waters from coal wash- 
ing and from certain types of paper mill ; 
much of it, however, as in discharges from 
sewage works and from the manufacture of 
food products, contains a high proportion of 
readily decomposed organic matter. When 
such wastes are discharged to a stream the 
suspended matter may be deposited as a layer 
of mud or sludge on the bottom and sides of 
the stream bed. This, even if the sludge is 
inert, may cause major changes in the dis- 
tribution of both animals and plants living 
in the stream ; if the sludge contains organic 
material it may undergo anaerobic decom- 
position, particularly during hot weather, 
and may be stirred up and carried to the sur- 
face by the gas produced, thus causing in- 
tense pollution of the water. 

Some industrial discharges contain directly 
poisonous substances but the effects of the 
majority are indirect rather than direct. 
Probably the most important of these indirect 
effects is on the concentration of dissolved 
oxygen in a stream. Some industrial wastes 
contain constituents, such as ferrous salts, 
which are oxidised by chemical action ; 
usually, however, the oxidation—for ex- 
ample, of vegetable and animal matter and of 
such substances as phenol—is brought about 
by the activity of bacteria. The oxygen 
utilised is taken up from solution in the water 
of the stream and the rate of oxidation in- 
creases with increasing temperature. In 
pure water exposed to the air at sea level, 
oxygen is present in a concentration of about 
10 parts per million. As the concentration 
decreases the rate at which oxygen is dis- 
solved from the air increases; this rate is 
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affected by a number of factors, including the Dr. F. T. K. Pentelow zz 
degree of turbulence of the water, the ratio SHort.y before the war we, in the Ministry the 
of surface area to volume, and the presence of of Agriculture and Fisheries, were asked t as! 
films of oil and grease on the surface. Under try to ascertain why the fishing in the lowe The 
steady conditions an equilibrium is reached _ part of the River Dove in Staffordshire had, of | 
between the rate of removal of oxygen and _ seriously deteriorated. The deterioratig,! app 
the rate of renewal, the equilibrium concen- was found to be due to the pollution of, trib 
tration in the stream depending on the degree tributary of this river by wastes from mil; _ plet 
of pollution and the temperature. If the where copper sheet and wire were many. pati 
concentration of polluting substances is factured. The effluents from these mills cop. it a 
sufficiently high, particularly in hot weather, tained a variety of substances of which th poll 
the water may become devoid of oxygen and most obvious were compounds of copper wit, _ that 
organic matter will then undergo anaerobic some chromium salts and mineral acid} thou 
decomposition, often with the evolution of Above the point of discharge there was q, num 
foul-smelling gases. abundant and fairly varied fauna. Inq did! 

If a river is polluted at one point the extent area of one-tenth square metre there wer _ of ir 
of oxygenation of the water decreases pro- found more than 5,000 animals belonging t — muc 
gressively downstream from the point of dis- 15 species. Below the discharge an intensiy, —_T! 
charge until a minimum is reached, after search failed to reveal any animals at all ani —_assu 
which the condition of the river begins toim- this barren condition extended for at leay) sent: 
prove. Changes in oxygen content have an five miles. A thorough examination of, speci 
important effect in determining the distribu- considerable area of the river bed of thi toxic 
tion of aquatic animals, including fish; insome tributary just above its confluence with the that 
rivers the concentration of dissolved oxygen Dove and 11 miles below the point of dis foun 
in the summer is too low to support fish life. charge of the effluents, yielded two Tipulid hight 

Among the many directly poisonous sub- _ larvae. appe 
stances which may be discharged to rivers The Dove is well known for its angling a) piso 
are toxic metals such as copper, lead, and well as the beauties of its valley and above it | _ bility 
zinc ; cyanides, sulphides, ammonia, phenol, confluence with this tributary the fauna wa| great 
and a great variety of organic substances from typical of many of our trout streams, A| same 
the chemical industries. The presence of quantitative examination of a unit area’ doses 
such directly poisonous materials has, in yielded 178 animals assignable to 30 species, s00n 
some streams, caused profound changes in Where the waters had mixed the score wa shoul 
the distribution of the animals and plants. 17 animals belonging to 2 species, 2 mils least 
The effects are difficult to assess as the con- below it was 22 animals of 4 species, 8 mile| sist: 
centration of toxic material in a stream may _ below 21 animals of 6 species, 12 miles below} S01 
fluctuate widely as a result both of changes 18 animals of 7 species and 19 miles below specie 
in the amount discharged and in the volume and 30 from the source of pollution 10} fact « 


of water available for dilution ; in addition animals of 12 species. organ 
the effect of some poisons varies markedly It was clear that the cause of these effects ‘tom 
with temperature, the effect of some, for ex- was poisoning by toxic metals and there are differ 
ample, to fish, is cumulative, and toxicity may _ two features of this kind of pollution I should | Is] 
be increased by a decrease in the concentra- like tostress. The first is its persistence. Tht evider 
tion of dissolved oxygen in a stream. metal present in the highest concentration i — 
out, 


In this very brief survey one can mention _ the effluent, copper, was present in measur 
only a few of the most noticeable effects of able quantity for 30 miles and in this distance conclu 
discharging polluting liquids to surface had diminished only to about one-tenth of Usp 


waters. Long and careful experiment and_ its original concentration. The reason for Org 
observation will be necessary before the mat- this is that metals are, for our purposs, entirel 
ter is understood in detail; it is very im- indestructible. Their physical or — Ject to 
portant, however, that this work should be states can change, but the metallic ions te has de 
carried out since in trying to develop a main. Thus the metals discharged in tht) 'ver 
method of treating a polluting liquid the aim _ effluent may be precipitated or adsorbet,, their C 
is always to remove those constituents which — but these changes are reversible, particularly | plex b, 
would cause the greatest damage if they so when we are dealing with concentratiat| and ev 
were discharged to a river. ranging from 1-0 mgm. per litre to 0-1 mga| conditi 
After this introduction by Dr. Southgate, per litre where most of the metals will by} “WTen' 
consideration was given to the problem from present in ionic form. Consequently th stances 
the aspect of fauna in a paper by Dr. F.T. K. factor which can noticeably promote ft (0 anin 
Pentelow and from the aspect of flora in a_ covery from pollution of this kind is dilutio stances 
contribution by Prof. W. H. Pearsall. with uncontaminated water which in dy) ly do 
Finally, Mr. H. Jones described pollution of weather, at least can be a slow and gradua sip 


some Welsh rivers. process. 
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The second feature I would emphasise is 
the nature of the effect on the fauna. So far 
as 1 could ascertain it was purely quantitative. 
There was no suggestion that the destruction 
of the normal fauna made room for the 
appearance of a new association. In the 
tributary, of course, with the virtually com- 

Jete disappearance of animal life no com- 
parisons are possible but in the Dove itself 
it appeared that the species present in the 
polluted area were the same as those above 
that area. It is also noteworthy that al- 
though there were seven reductions in the 
number of species, this lack of competition 
did not permit a large increase in the number 
of individuals. In fact numbers were small, 
much smaller than in the normal river bed. 

These observations are explicable on the 
assumption that some or all the metals pre- 
sent in the efHuents concerned a toxic to all the 
species of animals present in these rivers. The 
toxicity will differ from species to species so 
that only the most resistant species will be 
found when the concentration of metals is 
highest and the more sensitive forms will re- 
appear in order, as the concentration of 
poison decreases. In addition to this varia- 
bility by species we also know that there is 
great variability among individuals of the 
same species ; some will tolerate much larger 
doses of poison than others. Accordingly as 
soon as conditions become tolerable at all we 
should expect to find a few individuals, those 
least susceptible to the poison, of the most 
resistant species. As the concentration of 
poison becomes less we should find both more 
species and more individuals added, as in 
fact occurred. So the effect of these in- 
organic poisons appears to be a subtraction 
from the normal fauna as a consequence of 
differential toxicity. 

I should perhaps add that we found no 
evidence that the concentration of poisonous 
metals in the Dove was sufficient to poison 
trout, the dominant fish of the stream and we 
concluded that the absence of this carnivor- 
ous species was due to lack of food. 

Organic wastes produce effects which are 
entirely different. Above all they are sub- 
ject to the processes of decay as Dr. Southgate 
has described, and in these processes they are 
reversibly altered and entirely disappear in 
their original form. Their decay is a com- 
plex biological process varying both in rate 
and even in direction according to external 
conditions of such things as temperature, 
current and supply of oxygen ; these sub- 
stances in their fresh state may be non-toxic 
fo animals but they may produce toxic sub- 


_ stances in their decay ; they may and gener- 


ally do produce their effects by alteration in 
the organism’s environment, they may reduce 
€ oxygen content of the water, increase 
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turbidity and alter the nature of the river bed. 
These effects may persist over a short or long 
time, or what is the same thing, over a short 
or long stretch of river and the time or dis- 
tance will depend partly on water tempera- 
ture. Lastly, probably all organic effluents 
and certainly all those I have investigated have 
a nutritive value which produces its effects 
whenever other depressive conditions allow. 

The sequence of events now to be described 
is based on observations on the effects of the 
discharge of a comparatively large volume of 
organic effluent into a small fresh water 
stream. The information is drawn from 
streams polluted by effluents from the sugar 
beet industry, from the processing of milk, 
and from the discharge of untreated, or im- 
perfectly purified domestic sewage, all of 
which produce very similar effects and have 
differences not sufficiently investigated to be 
worth consideration on this occasion. 

If the effluent be completely fresh its im- 
mediate effect, beyond increasing the tur- 
bidity of the water, may be small and the 
normal flora and fauna, including fish, may 
be found in the effluent. As soon as decom- 
position begins great changes occur, the 
water is deoxygenated and the amount of 
ammonia present as salt increases. If the 
absorption of oxygen is very rapid an aerobic 
condition with the production of hydrogen 
sulphide and the deposition of foul black mud 
may occur for a short distance but such cases, 
though they existed in the last century, are 
now rare and I have not myself investigated 
them. The more usual first stage is a very 
low oxygen content of the water, turbidity, 
the deposition of black silt, the disappearance 
of the normal fauna (including all species of 
fish) and its replacement by a very typical 
community consisting of ‘sewage fungus,’ 
the larvae of Chironomidae of the Plumosus 
type and Tubificidae. 

As the effluent passes down stream decom- 
position proceeds further, there is more 
dilution and conditions improve. The oxy- 
gen content rises and Chironomidae of other 
groups and Leeches particularly Herpobdella 
octoculata are added to the fauna. 

Then sewage fungus disappears and gener- 
ally with it the black deposit so characteristic 
of the worst stages of pollution, for the sticky 
threads of the fungus are one of the main 
factors preventing the removal of this deposit 
by the current’ With the disappearance of 
this deposit the number of Chironomidae and 
Tubificidae declines and Asellus becomes a 
characteristic member of the fauna though it 
may make its appearance earlier, before the 
sewage fungus has gone. The next stage is 
usually marked by the appearance of large 
numbers of pulmonate molluscs, then grad- 
ually the animals of the community normal 
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to the river before it was polluted reappear 
and replace those I have described. As far 
as we know it is at this stage that fish reappear. 
Finally the fauna resembles qualitatively that 
existing above the polluted zone. By this 
time decomposition is complete and the 
oxygen content of the water has become 
normal. It is a remarkable fact that although 
we have examined rivers of many types, with 
different communities of animals in the un- 
polluted regions, when they are polluted the 
same animals are found in the same succession 
in all of them. 

It is sometimes said that when purification 
is complete there is no effect on the stream, 
but it is doubtful to what extent this is true. 
A completely purified effluent contains 
comparatively large amounts of nitrates and 
phosphates and where nutrient salts are 
scarce their addition produces a great in- 
crease in productivity. In rivers which are 
naturally poor in dissolved salts, like the 
Upper Tees such an effect is well marked. 

An effluent which has passed through a 
treatment plant will affect the stream accord- 
ing to its degree of purification and will 
produce one or more of the stages just 
described. A well purified or much diluted 
effluent may merely increase the normal 
fauna and flora ; various degrees of partial 
purification may increase the proportion of 
Molluscs, or bring about the appearance of 
Asellus or leeches, or if it is very incomplete, 
produce a crop of Chironomid larvae and 
Tubificidae. 

Of course all animals which make up the 
communities associated with polluted condi- 
tions are the normal inhabitants, often in 
small numbers, and in restricted areas, of 
unpolluted streams. What makes them so 
characteristic of contaminated waters is that 
they dominate the fauna instead of being 
minor constituents of a more varied com- 
munity and they occur under conditions of 
current and substratum where they would 
not be found in normal circumstances. 

When organic pollution ceases we find that 
the first effect on the fauna is a rapid increase 
in the population of the organisms we asso- 
ciate with polluted waters. The tubificids, 
the leeches and Asellus multiply rapidly and 
are then gradually replaced, the Asellus com- 
munity by the normal stream fauna and the 
Tubificidae by leeches and Asellus. I pre- 
sume these last are then ousted by the normal 
inhabitants but I was never able to continue 
observations long enough to ascertain that 
this in fact occurs. I believe these observa- 
tions supply the key to the explanation of the 
changes in fauna which occur when a water 
is polluted. The unfavourable chemical and 
physical conditions, low oxygen, much 
ammonia and the deposition of silt kill off or 
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drive away the more sensitive members of th. 
clean water community, the Gammary 
Ephemerid and caddis larvae and into th. 
habitats so vacated spread the more resistan; 
Asellus, Leeches, Chironomids and Tubificids 
Where conditions are very severe only th! 
two last can stand them and all the others go 
Yet these communities, too, are being held ip 
check by the unfavourable conditions for it js 
only when they are relaxed that they can take 
full advantage of the favourable nutritive 
conditions that organic pollution provide, 
It is only then that they multiply and colonis ! 
rapidly. Unfortunately for them their reign 
is short and they are soon ousted by the clea 
water forms and driven back to the restricted 
habitats whence they emerged when pollution 
cleared the ground for them. The conch. 
sion seems to be that in many habitats thes 
pollutional animals cannot compete with the ) 
clean water fauna under normal condition 
and they are to that extent unsuccessful, 
They are characteristic of polluted water 
not because these conditions favour them 
particularly, but mainly because they remove 
competitors. How it is that some animal 
can survive conditions lethal to others isa 
problem of physiology of which only the! 
fringe has been explored. Some Chironomid 
and Tubificid larvae have haemoglobin in 
the blood and that may give them some aé- 
vantage when the oxygen content of the 
medium in which they live is low; the 
Beadles have quite recently shown that 
Asellus is less sensitive to carbon dioxide | 
poisoning than is Gammarus, a characteristic 
member of the clean water fauna. No doubt! 
as time goes on such discoveries will multiply 
and we shall eventually see the picture asa 
whole. 


Prof. W. H. Pearsall, F.R.S. 


Pror. PEARSALL pointed out that, from the 
botanical aspect, investigations of rive 
pollution have been concerned mainly with 
attempts to employ different plants as indi 
cators of the stages of organic pollution and of 
subsequent oxidation. He illustrated theser- 
sitivity of these tests by referring to the effect 
of small concentrations of organic matter 0 
the algal population of a stream. The pro 
ducts of oxidation of organic matter in flowing 
water, mainly carbonates, nitrates and phos 
phates, have a great effect on the luxurianct 
of plant growths and thus lead to accumul 
tion of organic muds, even though th 
polluting liquids themselves may lack visible 
turbidity. The animal population is als 
affected by the presence of these muds and tht 
anaerobic conditions they may introduce. 
The principal botanical problem associat 
with such pollution is, however, connected 
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with the large quantities of compounds of 
nitrogen and phosphorus discharged to sur- 
face waters in sewage effluents and their 
loss to the national economy. Methods by 
which these materials can be recovered and 
used in agriculture are thus very important. 
One possibility would be to pass the effluent 
through shallow lakes containing such plants 
as Elodea, which would grow very rapidly 
under these conditions and which might be 
harvested and used as a green manure. An- 
other possible method of utilisation might be 
to pass the sewage effluent through water 
meadows containing such plants as Spar- 
ganium OY Glyceria, which could be grazed by 
stock or possibly harvested and used for 
making silage. 


Mr. H. Jones 


Mr. Jones described the pollution of the 
rivers of North Cardiganshire—particularly 
the River Rheidol—by compounds of lead 
and zinc leached from spoil banks of mines. 
The active polluting substances are lead sul- 
phate and zinc sulphate, which are formed by 
oxidation of the sulphides at the surface of the 
spoil banks. In the drainage area of the 
Rheidol, mining on a large scale ceased in 
1922; the river at that time was almost 
barren, containing only small numbers of 
Algae and Bryophytes, with occasional in- 
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sect larvae and Crustacea. By the summer of 
1923, however, the river contained repre- 
sentatives of all the usual groups of aquatic 
animals with the exception of Mollusca and 
fishes; at this time Callitriche verna and 
Ranunculus aquatilis appeared in the river. 
Although mining has generally ceased, pollu- 
tion still occurs, however, during periods of 
flood. Intensive work has been undertaken 
at University College, Aberystwyth, to in- 
vestigate methods by which the river could be 
restored to its natural condition. It was 
shown by E. W. Jones that addition of cal- 
cium carbonate and superphosphate in com- 
paratively large amounts to soil impregnated 
with the metals greatly improved the growth 
of vegetation by reducing the concentration 
of available lead and zinc below the toxic 
level. Trees of several species were success- 
fully grown in the affected areas, the two 
most resistant of those tried being birch and 
pine. Best results were obtained when trees 
about six feet high were transplanted and 
when they were planted in pockets of un- 
contaminated soil. During recent years there 
has been a remarkable improvement in the 
condition of the River Rheidol, which has 
now been extensively re-colonised by aquatic 
plants, particularly Callitriche intermedia and 
Glyceria fluitans. Migratory trout and salmon 
are now found in the river, and freshwater 
trout have been successfully introduced. 
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CLIMATIC REQUIREMENTS OF SOME MAJOR | 
VEGETATIONAL FORMATIONS 


BY 


Proressor A. AUSTIN MILLER 


Awonc all the broad geographical generalisations 
one of the most significant, fruitful and surely 
founded is that the great vegetation regions of the 
world are determined in the main by climate. 
Considered on a world scale it is beyond dispute, 
but, like all generalisations, it is quite untrue in 
detail. The obvious but deceptive intimacy of the 
relationship has for a hundred years stimulated 
botanists and climatologists from De Candolle 
and Drude to Vahl, Képpen and Thornthwaite 
to probe more deeply, but the last two, with the 
worthiest of motives, have obscured the issue by 
attempting to make the relationship the basis of 
classifications of climate. At first sight this seems 
both reasonable and profitable, especially to the 
geographer who is naturally delighted to find 
causal relationships between spatial distributions, 
especially when both distributions are such vital 
influences on human occupancy. It has been 
remarked before that such systems are not classi- 
fications of climates, but of vegetation regions 
climatically delimited. In classifying climates 
the criterion should be the essential unity of the 
climatic type, which may be, but is not necessarily, 
reflected in a difference of vegetational response. 

Leaving aside this question, we may ask our- 
selves whether it is possible to define the limits of 
vegetational regions by the data of climate alone. 
In seventy-two years of writing Képpen devised 
for this purpose some hundreds of formulae, which 
he continually changed and improved ; complete 
success always eluded him, for reasons that are 
apparent at the outset :—a number of controls, 
other than climate, are in operation. K6ppen’s 
concentration on climate alone overstrains that 
one control and the tortuous ramifications of his 
complicated classification represent the ingenious 
evasions of a one-track mind in pursuit of a truth 
that lies not wholly on that track. 

A slight acquaintance with botany and plant 
physiology demonstrates the complexity of the 
individual organisation of a single species, the 
complexity of an ‘ association,’ even a climax 
association, is greater still ; the complexity of the 
‘formation ’ is still more formidable, and, in any 
one place, is subject to edaphic, micro-climatic 
and biotic influences. If we disregard these 
controls, in full recognition of their vital 
importance in many cases, and concentrate on the 
influence of climate, the first disturbing thought 
arises that climates are not yet static after the 
great disturbances of the Ice Age, and that 
vegetation boundaries, too, are on the move, 
following in the wake of migrating climatic belts. 

The second difficulty arises from the complexity 
of the climatic factor itself. Climate is the sum- 
total of meteorological elements operating over a 
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period of years. The number of these element 
is very large ; temperature, humidity, rainfall | 
evaporation, light intensity, cloud, pressure, etc, 
Each of these may be variously expressed as means, 
extremes, duration or as an accumulated valu 
over time intervals such as the year, season, month, | 
day, or by time periods more difficult to define | 
such as frost-free growing, germinating, fruiting, 
ripening, dispersing, wet and dry seasons, ete, 
All of these, singly (which is rare) or in compli. | 
cated combination, have at one time or another 
been shown, in studies by botanists and agro. 
nomists to affect plant growth, crop yields and | 
even the survival or extinction of species. In | 
such studies detailed and carefully controlled | 
methods have been applied, and the findings, as 
would be expected, reveal complicated patterns of 
interacting influences, much too complicated to be | 
embodied in any system of climatic classification, | 
The results disclosed, though perhaps a true | 
reflection of the conditions in the region of study, | 
are rarely found to be of world-wide applicability, 

Yet from this immense variety of possible 
influences, for many of which data are not avail- 
able even if the value is assessible, it has been the 
practice, in nearly all systems of climatic class- 
fication purporting to be related to vegetational 
distributions, to neglect the remainder and to 
restrict the basis of classification to two elements, 
namely temperature and precipitation (sometimes 
combined with evaporation). Under Képpen 
the ways of expressing these two alone have 
proliferated prodigally, but the basis of selection 
seems to have been one of trial and error ; if there 
are underlying principles they are not explained. 
The result is a bewildering patchwork of un- 
related rules and definitions, and still it must be 
admitted with regret that the vegetational forma- 
tions obstinately refuse to be precisely delimited 
by the arbitrary formulae. The correlation 
remains a will-o’-the-wisp, whose presence we 
may sense, but whose outlines remain blurred 
and indefinite. The attempt to define vegeta- 
tional limits by climatic values alone has been 
pushed to a degree of seeming accuracy which 3s 
misleading. A frank, if regretful, recognition of 
the degree of attainable approximation is prefer 
able to a spurious appearance of precision. 

In an examination of the degree of control 
exerted by climatic factors on natural vegetation 
formations it would be possible, and it would be 
laudably objective, to examine mathematically 
the coefficient of correlation with each and every 
element of climate in each of its several forms 
for every time period ; but we shall save much 
time if we allow our search to be narrowed down 
by a study of the life-history of the dominant 
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Climatic Requirements of some Major Vegetational Formations 


ia Limit of trees 

---~~ 3 months above 43°F (6°C) 

—~— 18 month degrees above 43°F 
or [0 


(10°C) for warmest month 


6°¢ 


“ 
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species near the limit of the vegetation type. 
Having selected what appear to be promising 
botanical grounds we may then apply mathe- 
matical and graphical methods of analysis within 
this limited field. 


The Timber-line, a warmth frontier. 

It will be convenient to illustrate this method 
by reference to the polar limit of trees—the 
boundary between the arctic forest (mainly ever- 
green coniferous but with some larch and birch 
included) and the treeless tundra. Let us recog- 
nise at the outset four difficulties. 

(1) The wide spacing between meteorological 
stations and the insufficiency of climatic data 
generally. 

(2) The probability that the boundary is not 
stable. R. F. Griggs has suggested that the 
timber-line in Alaska is advancing on the Tundra 
because all trees at the edge are young and 
vigorous. He suggests that colonisation by trees 
has not yet caught up with the improved climates 
of recent decades or centuries. J. Hustich has 
demonstrated the same tendency in Finland and, 
from observations in the Swiss Alps I believe that 
there, too, the timber-line is climbing up the 
mountain slopes. 

(3) The gradualness of the change from forest 
to tundra. Scattered pioneers of an advancing 
fringe or straggling survivors of a retreating rear- 
guard occupy a belt perhaps 100 miles wide, 
somewhere in which the line is to be drawn. 

(4) The incomplete and unreliable mapping 
of the vegetation types. 


We may now seek for the guiding principles :— 


1. The boundary can easily be shown to have 
nothing to do with rainfall or humidity except 
where swamp (muskeg) and anaerobic conditions 
deter trees (an edaphic factor). 2. It is probably 
hot related to light, there is no correlation with 
daylight or sunshine hours. 3. It is almost cer- 
lainly a function of temperature. Botanists are 
agreed that the tree must have enough warmth to 
tarry out the physiological processes necessary 
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for its survival and propagation, and the non- 
availability of this seems to be the limiting factor. 


Guided by this botanical clue I have therefore 
tried several functions of temperature. 


1. The 50° isotherm for the warmest month—the 
age old limit. The coincidence between the 50° 
isotherm for the warmest month with the polar 
limit of tree growth appears to be very close. It 
was recogsnied by Supan years ago and is still in 
general use. Probably it has stood so long 
because of the shortage of data in these high 
latitudes ; information is now accumulating to 
disprove a statement that has always seemed 
improbable ; fora tree does not live and reproduce 
by July temperatures alone. Plotting the figures 
now available for N. America shows that this line 
departs far to the north of the timber-line into the 
treeless tundra in continental climates in the 
central region of the Canadian Arctic. 

This suggests that quantity or duration of 
warmth is important and that heat, not only at 
the peak of summer but throughout the growing 
season, is involved. 


2. I have, therefore, tried to find, next, the dura- 
tion of the growing season, using two thresholds— 

(a) Zero (0° C.) or freezing point (32° F.). 
I have counted the months with mean tempera- 
tures above that figure. The thermometer will 
nearly always rise above zero at the end of the 
last spring month with mean tempcratures 
below zero and will stay above zero at the 
beginning of the first autumn month whose 
mean temperature falls below. The period 
counted up is therefore too short, but on the 
other hand there is snow to melt at the begin- 
ning of the season and sporadic falls occur as 
the season ends. So the number of months with 
means above zero probably gives a fairly good 
measure of the duration of effective tempera- 
ture above that threshold. The correlation was 
not found to be very good and is not shown here. 

(b) The second threshold is 6° C. (43° F.) 
This figure was, I believe, first suggested by 
Schimper as the threshold of active plant 
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growth and has been used for the calculation of 
* accumulated temperature’ by Unstead in his 
study of wheat, and by the Air Ministry in 
agricultural meteorology. I incorporated it 
in my classification of climates in the form of 
‘ 43° for coldest month’ as the limit between 
‘warm temperate’ and ‘cool temperate cli- 
mates,’ and ‘ 6 months with 43° ’ as the boundary 
between ‘ cool temperate’ and ‘cold.’ It has 
since been adopted by Blair in his Climatology. 
As will be seen from Fig. 1 there is a fairly close 
correspondence between the isopleth of three 
months with 43° and the timber-line, but with 
such small numbers involved the month is too 
coarse a unit : better results might be obtained 
by using days. 

3. I turn next to the method of accumulated 
temperatures in the form of ‘ month degrees.’ The 
crude way of estimating this would be to count up 
the number of degrees above the threshold tem- 
perature in the mean temperature of each month, 
thus a month with a mean of 52° F. has an 
accumulated temperature of 9° F. above a 
threshold of 43° F. or 20° F. above a threshold of 
32° F. But in such a method the accumulated 
warmth at the end of the last month before the 
mean passed the threshold and at the beginning 
of the first month after it falls below would escape. 
I therefore draw the top of the temperature graph 
on squared paper on a scale with one square to a 
month horizontally and one square to a degree 
vertically. I then count up the squares in the 
usual way, including areas more than half a 
square and ignoring those less than half. This 
has been done for every available station and the 
totals tabulated and plotted on a map. 

I have again used the same two thresholds of 
0° C. and 6° C. (32° F. and 43° F.) converting to 
Fahrenheit where necessary. The isopleth of 63 
month-degrees above 32° F., while giving a fairly 
good fit in the central part of the Canadian 
northern forests, lies too far south in the regions 
east of Hudson Bay. The isopleth of 18 month- 
degrees above 43° F. gives the closest fit obtained 
so far. It is shown on Fig. 1 by the full line, and 
in Fig. 2 the accumulated temperature, calculated 
from figures supplied by the meteorological office 
are plotted for Eurasia. The correspondence of 
the timber-line (according to Brockmann Jerosch) 
with the value of 18 month-degrees is quite 
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striking, but, like all the other lines tried, it fails 
to define tree limits in the maritime climates of 
western Alaska and Lapland, where some other 
factor (? wind) is apparently at work. Further 
research will doubtless discover and isolate this 
factor, giving a closer agreement between climatic 
influence and the timber-line, but enough has been 
said to illustrate the method of examining the 
control by a single climatic element ; I leave the 
search at this point, uncompleted. 


The Desert Boundary, a moisture frontier. 


The criteria used by Képpen for separating the 
tropical forest (A.f.), monsoon forest (A.m.) and 
savanna (A.w.) are the annual rainfall and the 
rainfall of the driest month. The duration of the 
dry season, a factor which is generally supposed to 
set a limit to tree growth and, with increasing 
length, to push the balance of conditions in favour 
of grassland, is not taken into account. No 
satisfactory device has yet been invented for 
assessing the influence of this quality of the climate 
Raunkaier drew the line at a total of 5 cm. 
(2 inches) for the two driest months and Vahl has 
adopted this figure. Though it does not give a 
perfect delimitation, being generally within the 
forest, this line is superior to K6ppen’s and has the 
merit of being appreciable by mere inspection of 
the figures. A closer approximation will doubt- 
less be found, at the expense of greater complica- 
tion, but in view of the presence of non-climatic 
factors complete coincidence can hardly be hoped 
for. Norie of these authors takes into considera- 
tion evaporation which all climatologists are 
agreed is very important in qualifying the effective- 
ness of rainfall. It may be that, in a low latitude 
belt in which the temperature range is small, 
evaporation may be considered as constant or as 
proportional to the rainfall. But when we are 
concerned with a wide range of temperatures, as 
for example in the desert margin where monthly 
temperatures may range from over 90° F. to well 
below zero, we must take evaporation into account. 
Unfortunately evaporation data, as such, are not 
available for many stations, and it is usual to 
estimate it by temperature, ignoring wind, 
pressure and atmospheric humidity, which are 
really by no means negligible. Numerous for- 


mulae exist for estimating the qualifying effect of 


temperature on effective rainfall. Probably the 
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Climatic Requirements of some Major Vegetational Formations 


most carefully worked out is Thornthwaite’s P/E 
ratio, which, by means of the empirically estab- 


P P .. 
lished formula = 11-5 claims to 
give the ratio of Precipitation to Evaporation in 
terms of mean monthly rainfall and temperature. 

It may be mentioned in passing that the esti- 
mation of evaporation by means of monthly 
temperature, however well it may work in the 
U.S.A. examples from which he derived his 
formula, gives, when applied to British examples, 
results which are wildly different from those 
obtained by direct measurement of evaporation. 
Such discrepancies undermine confidence in the 
application of the classification to the world as a 
whole. 

Evaporation tanks, however, are notoriously 
unreliable as an imitation of natural conditions, 
so if we overlook these discrepancies we have, in 
Thornthwaite’s system, an intriguingly tidy 
classification in which each vegetation type falls 
neatly into blocks defined by rectangular co- 
ordinates of P/E and T/E. This seems too simple 
to be true, furthermore the limiting values 
between the vegetation formations fall precisely 
into a series in geometrical progression—P/E 16 
separates desert from steppe, double that number 
and P/E 32 separates steppe from grassland, 
double again and P/E 64 separates grassland from 
forest, double again and P/E 128 separates forest 
from rain forest. Such a _ remarkable series 
suggests that there is some natural law underlying, 
unless the vegetation has been dragooned into a 
rigid mathematical framework. The test will be 
the comfort with which it lies within this frame- 
work, the accuracy of the fit. 

Thornthwaite has, however, already put it out 
of date in his later work on ‘ Potential evapo- 
transpiration,’ based on extensive field experi- 
ment, in which he examines minutely the gain, 
use and loss of water by rainfall, storage, 
transpiration and evaporation, in an attempt to 
define more precisely degrees of aridity and 
humidity. 

The proposed classification that follows this 
discussion is based entirely on the data of the two 
usual climatic elements, temperature and rain- 
fall, without reference to causal factors and is 
intentionally non-genetic. But the elements are 
ingeniously and brilliantly combined to give new 
and complex expressions of the needs of vegetation 
for warmth and water. Climatic types are then 
defined in terms of three refined and highly 
elaborate ‘ factors,’ namely : (1) Potential evapo- 
transpiration (an index of water need and, at the 
same time, of thermal efficiency) ; (2) the sum- 
mer percentage of this (a measure of seasonal differ- 
entiation) ; (3) surplus or deficiency of rainfall 
as percentage of need (an index of humidity or 
aridity). 

But these three expressions, though in the 
majority of cases the most significant, are not in 
every case the ones that differentiate a climatic 
type from its neighbour, nor are they invariably 
the determining cause in bringing about a change 
In vegetation type. The system appears to be too 
rigid and universal to fit the varied nature of 
climatic transitions and of the climatic factors 
that sway the balance between adjacent plant 
formations. 
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Attempts to identify vegetation boundaries 
with climatic conditions should fit the climate to 
the vegetation, not the vegetation to the climate. 
They must start by discovering and isolating the 
operative climatic element or elements and 
proceed by determining the limiting value of this. 
The limiting factor will vary in each case, it 
may be— 
(a) Duration and quantity of summer warmth 
(tundra/arctic forest/deciduous forest). 

(b) Duration and intensity of dry season 
(tropical forest/savanna) 

(c) Rainfall, qualified by evaporation loss 
(desert/steppe). 

(d) Seasonal relationship of rain and warmth 
adequate for growth (Mediterranean/ 
temperate forest.) 


For this reason it is unreasonable to expect 
subdivisions of one element of climate, or sub- 
divisions of some composite value based on a 
formula incorporating several elements, to work 
magically in defining all vegetational limits. 

K6ppen’s formulae are also very elaborate. 
He has three, one for climates in which the 
rainfall is evenly distributed throughout the year, 
one for climates in which the rain is concentrated 
in the summer months (with a consequent great 
loss by evaporation in hot weather) and one for 
climates with winter rain (of high efficiency be- 
cause little is lost by evaporation in cold weather). 
This has the effect of creating sudden breaks in 
his series, which is highly undesirable, though the 
recognition of the difference in effectiveness of 
summer and winter rain is rightly regarded as one 
of the merits of his classification. 

The criterion by which the choice is made of 
which the three formulae to apply is the ratio of 
rainfall in the wettest and driest month. For 
example if the driest month (in winter) has 75 the 
rainfall of the wettest month (in summer) the 
‘Summer rain’ formula applies; if not the 
‘uniform rain’ formula. Consider the conse- 
quences—Two places, A and B, may have identical 


TABLE | 


Vegetation 


1 Mean Annual Precipitation (inches) 


Hypothetical y 
A 75 14 5 0-6 Trees 
B 75 14 5 0:4 Steppe 
C 80 16 4 0:3 Desert 
D 80 14 4 0:4 Steppe 


climates but in one the driest month is just less 
than #5 and in the other just 75, the difference 
need only be a fraction of an inch in one month. 
One is judged by each formula, one turns out to be 
well in the desert, the other comfortably in the 
steppe. Again, C which has 2 inches more rain 
than D turns out to be a desert, while the drier 
station, to which the ‘ uniform rain ’ formula must 
be applied, becomes steppe. The principle of 
progressive change has been violated. All boun- 
daries, whether climatic or vegetational, are of a 
transitional nature, and defining formulae, if used, 
must allow for this. If arbitrary values are selec- 
ted as limits they must be frankly recognised as 
lying in the vicinity of a change-point in a con- 
tinuous series. Artificial breaks in such a series 
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Climatic Requirements of some Major Vegetational Formations 


ANNUAL RAINFALL 


Cms. Ins. 
175 70 
F 
65 T Tundra - 
150 60 S Savanna F Fr F ° 
G Steppe Grassland F af 
M Mediterranean Scrub Woodland F F F F : & 
55 Desert F 
+Transition zone ag 
125 50 
etc. Borderline vegetation 
100 40 
35 T 
7 
7 30 
50 20 F 
F TS" 
F 
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MEAN ANNUAL TEMPERATURE 
Fic. 3 


should not be created by a change of formula at 
arbitrary points. 

Genetically, desert climates are not pure and _ (in ins.) is less than a fifth of the Temperature 
uniform, they are degenerate forms of ‘ polyphy- (in ° F.) the vegetation of that place will probably 
letic’’ descent, but as a geographical evironment be desert. If it is greater than 4, the vegetation 
they possess a strong degree of uniformity, and the _ will be grassland (steppe or savanna according to 
reasons for their biological emptiness deserve close temperature) or xerophylous woodland of the 
study, whether climatic or edaphic. Numerous Mediterranean type. No claim to high accuracy 
formulae, all empirical, exist for defining aridity, is made for this simple formula ; but it has been 
the best known being De Martonne’s and Laing’s my aim to show that universal accuracy is not 
rain factors and the more elaborate formulae of only unattainable but is seriously misleading, and 
K6ppen and Thornthwaite. All are based on that simple approximations are preferable. They 
rainfall and temperature (as a measure of evapora-__ should only be used as approximate guides to the 
ting power). If they are compared, a good deal _ probable vegetation. 
of general agreement will be found, but plenty of It is worth noting, from this graph, that the 
disagreement in detail as to the precise limits of | boundary between grassland and scrub on the one 
aridity. When the boundary lines determined by _ hand and forest on the other is also fairly simple, 
these formulae are plotted on a map they generally _ the formula being R (ins.) = 3 T (° F.) — 12. As 
lie on the arid side of the desert margin as shown would be expected there is a transitional zone 
on most vegetation maps. Ihave ventured toadd (dotted on either side of this line) in which other 
a simple and approximate suggestion of my own factors, edaphic, microclimatic or biotic, out- 
which lies well to the humid side of the others. weigh the climatic factor and tip the scales 
It is based on the graphing of some hundreds of locally. This line is not recommended for 
stations chosen at random (Fig. 3). The initial adoption, unless and until it can be established 
letter stands for the natural vegetation at the that annual temperature and rainfall are the 
station the centre of the letter being placed in its operative controls. Furthermore it falls between 
proper position defined by its mean annual tem- _ the two stools of precision and convenience. It is 
perature and rainfall. When this is done it will too simple to be completely true and too compli 
be noticed that all deserts, or practically all, lie cated to furnish an easily remembered and rapidly 
below the line which passes near or through the applied approximate guide. 
zero on both temperature and rainfall scales (Substance of a paper read to the Geography Section 
(°F. and ins.) The formula of this line issimple, of the British Association on September 5, 1949.) 


=5- In other words, if the rainfall of a place 
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SECTION J.—PSYCHOLOGY 


ABSTRACTS OF COMMUNICATIONS 


READ TO THE SECTION AT THE ANNUAL MEETING OF THE ASSOCIATION 
IN NEWCASTLE AUGUST 31 TO SEPTEMBER 7, 1949 


SOCIOLOGICAL INVESTIGATIONS IN THE 
PLANNING OF AYCLIFFE 


Social planning for a new town 
By Dr. Dennis Chapman 


]. The unsatisfactory social life of pre-war 
urban areas. 2. The new town to provide 
houses to fit the different social habits of differ- 
ent groups and to take account of the emo- 
tional needs of the family. 3. The basic 
planning unit to facilitate social relations 
between neighbours. 4. The grouping of 
these units in small wards with the maximum 
number of common interests to facilitate 
social relations. 5. The Town centre as a 
focus of civic activity and interest. 6. De- 
corative features and symbols to create 
common favourable attitudes. 7. Tenant 
selection on a social basis. 8. Resettlement. 
9, The participation of the citizen in the 
planning process. 


Some effects of social planning on design 
By Mr. G. G. Baines 


The impact of social consideration on 
architectural and planning design changes 
both the method of approach and resultant 
patterns of development, whether they are 
the full scale of a town or merely a street 
nameplate in it. 

What could largely have been a geometrical 
exercise governed by physical considerations, 
model by-laws and aesthetic rules becomes a 
process of design by function. 

The paper will attempt to show that plan- 
ning from the sociological basis can produce 
designs offering an optimum of amenity and 
convenience. 


PRESIDENTIAL ADDRESS 
An address on The nature of the mind’s 
futors was given by the President of the 
Section, Sir Godfrey Thomson. (The full 
text appeared in The Advancement of Science, 


No. 23, pp. 267-274.) 


Us OF THE DupLEx TESTS IN SELECTION FOR 
SECONDARY EDUCATION 


By Dr. F. M. Earle 


Evidence of validity, etc., obtained from 
the study of Duplex tests 2, 3, 4 during the 
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current year is given under the following 
heads :— 


(a) Classification of an age group for 
secondary school courses by means of sub- 
test scores (compared with classification by 
other data). 

(6) The agreement found between classifi- 
cations made in successive years. 

(c) The agreement found in sample class 
groups between classification by test and 
school record. 


INVESTIGATION OF THE Moray 
HousE SPACE TEST 


FURTHER 


By Mr. Z. Swanson 


A previously reported analysis of a battery 
of nine tests, including the 11-+- Moray House 
Space Test No. 1, has been found to yield a 
fourth factor which is associated with the 
perception of three dimensional objects. The 
performance of children in Geometry, Science, 
Handwork and Art after one year in second- 
ary school has been correlated with their 
scores in Intelligence, English, Arithmetic 
and Space tests taken at the time of admission. 
The resulting partial regression coefficients 
suggest that the space test predicts perform- 
ance in these subjects at least as well as any 
of the other tests. 


THE USE OF ENGLISH COMPOSITION IN THE 
SELECTION OF CHILDREN FOR GRAMMAR SCHOOL 


By Mr. S. Wiseman 


This paper discussed the common emphasis 
on short-answer objective tests in 11+ selec- 
tion and some educational disadvantages 
arising from this, and described a method of 
including an English Essay in the selection 
tests without sacrificing reliability. Results 
obtained over a period of years in a County 
Education Authority were presented, show- 
ing mark re-mark reliabilities greater than 


0-9. 


THE RELATION OF BRAIN TO MIND 


The Section took part with the Physiology 
Section in a discussion on The relation of brain 
to mind which is reported on p. 46. 


| 
| 
| 
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Abstracts of Communications to Section 7 (Psychology) 


THE IsHTHARA TEST AND THE FREQUENCY OF 
COLOUR WEAKNESS 


By Miss A. Crawford 


The Ishihara test was administered to about 
1,400 schoolchildren, half from district near 
London, and half from district near Liverpool. 
The frequency of colour vision defect among 
boys and girls in the two areas was measured. 
The question of the pass level to be taken for 
this test, and the reasons for and against lower- 
ing it are considered. The defects of par- 
ticular Ishihara plates ; the effects on fre- 
quency of defect if these plates are omitted 
from the test. 

If a frequency of at least 8 per cent. among 
boys has to be accepted, colour vision defects 
are important. 


THE VALIDITY OF THE IsHIHARA TEST FOR 
COLOUR BLINDNESS 


By Dr. R. W. Pickford 


Three questions arising from comparison 
of the Ishihara with other tests are answered 
from data collected at Glasgow. (1) Can 
the Ishihara Test be used to separate major 
red-green defectives from the normal popula- 
tion? Apparently it can, but appears to be 
very slightly too severe, a fault necessary for 
safety. (2) Can it separate different degrees 
of normal red-green sensitivity successfully ? 
It is quite useless for this purpose. (3) Can 
it separate different types and degrees of 
major red-green defect successfully? Ap- 
parently it is almost useless for this purpose 
too. 


THe SNELLEN CHART AS A TEST OF VISUAL 
ACUITY 


By Mr. R. R. Hetherington 


An analysis of the mistakes made by 100 
boys in reading the letters on a Snellen Chart 
reveals great differences in legibility between 
letters of the same size. This is found to 
depend upon the shape and familiarity of the 
letter and its similarity to other letters. 
Whether a test of visual acuity consists of two- 
point discrimination or the perception of 
meaningful shapes, mental organisation is a 
deciding factor determining the response. 
While oculists are interested in the part 
played by the eye in vision, psychologists 
direct attention to the part played by the 
mind. 


AN EXPERIMENTAL STUDY OF THE RELATION- 
SHIP BETWEEN HEDONIC TONE AND CON- 
SCIOUS MEMORY 


By Mr. W. A. McElroy 
Several hundred Scottish schoolchildren 


and adults were asked to record their judge- 
ments as to the hedonic tone of each of a 
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series of simple coloured diagrams. 


they could remember. The results were then 
examined to estimate the influence of hedonic 
tone upon conscious memory. The ultimate 
difference between conative and non-cona- 
tive hedonic tone is discussed in considerin 
the experimental method employed, and a 
short survey made of previous experimental 
attempts to test Freud’s Theory of Forgetting, 


PsyCHOLOGICAL STUDIES OF THE QUALITY OF 
THE POPULATION 


Later | 
they were asked to draw those diagrams that 


The discussion on Psychological studies of the 


quality of the population was reported in th 
Advancement of Science, No. 24, pp. 357-362. 


HUMAN PROBLEMS IN THE DESIGN OF 
MACHINERY AND WORKING METHODS 


Dr. N. H. Mackworth 


Remarkably little is yet known about the 
main rules to be followed when an attempt is 
being made to simplify the working environ- 


ment by providing easily operated mecha. | 
nical devices or soundly planned methods of 


work. But recent researches on the adapta- 
tion of working tasks to human abilities would 


suggest that some general conclusions are | 
beginning to emerge from the present con- | 


fusion of highly specific findings. The 
prospects of eventual benefits to medical and 
industrial practice are discussed and. illus- 
trated by lantern slides dealing with typical 
instances of significant work by various 
investigators. 


Dr. C. B. Frisby 


Through its design the machine makes 
specific demands on the operator ; similarly 
the production engineer in determining 
methods of manufacture necessarily imposes 
certain conditions and restrictions on_ the 
worker. These may effect him physically, 
psychologically and socially ; such matters 
as the layout of the workplace, degree of sub- 
division of work, size of batches in which 
work is issued, assembly on a conveyor, are 
discussed to illustrate the factors involved 
with special reference to the psychological 
problems raised. 


Wing-Comm. H. P. Ruffell Smith 


Examples can be given of the failure of 
machines to fit the men who operate them. 
This problem becomes particularly acute in 
war-time with the development of more and 
more complex equipment, and with shortages 
of skilled manpower ; and in no situation are 
human errors likely to have more serious 
consequences than in flying. The paper 
described the principles that have been 
evolved in designing the cockpit of modern 
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aircraft to take account of the physical and 

sychological characteristics of pilots, in 
addition to engineering and operational 
requirements. 


PsyCHOLOGICAL PROCEDURES IN SELECTION 
OF FACTORY OPERATIVES 


Mr. W. S. Porteous 


The paper described the use of question- 
naires, interviews and psychological tests in 
the assessment of workers for purposes of 
engagement, placement and promotion in a 
large industrial organisation. Practical ad- 
ministrative details of applying selection 
procedures were considered and their limiting 
influence on techniques indicated. Tests 
covered intelligence, aptitude and attain- 
ment, for some of which are available dis- 
tributions of results for different working 
groups. The difficulties of validity studies 
were pointed out in describing an investiga- 
tion of the relative values of interview-findings 
and test-results in predicting success in the 
workroom. 


Mr. R. F. Garside 


The paper described some research carried 
out into the value of tests and interviews used 
in the selection and placement of factory 
workers in a large industrial organisation. 
Research projects were necessitated by the 
change in emphasis from selection to place- 
ment of factory workers. ‘These were con- 
cerned with the modification and validity of 
the selection procedures consisting of tests 
and interviews, and with the construction and 
value of three performance tests designed 
specifically for placement purposes. The 
results of these research projects were outlined 
and discussed. 


THE COMPARATIVE ASSESSMENT OF 
PERSONALITY 


By Mr. W. C. Raven 


What is personality ? How can we com- 
pare people one with another and by what 
standards assess any traits we notice? We 
can compare the things people say. These 
can be recorded under controlled conditions, 
and matched to show the degree to which 
they are typical of people in general, charac- 
teristic of a class, or unique to an individual. 
For example, we can build up, for boys, a 
description of their typical hero. This we 
can compare with the hero of nervous, un- 
inhibited, delinquent or orphan boys. Simi- 
larly, we can compare descriptions of people 
who are mentally ill with descriptions of them 
after leucotomy. The results demonstrate 
the theoretical and practical value of such 
studies, 


Abstracts of Communcations to Section F (Psychology) 


PsyCHOLOGY AND THE TEACHER 


Psychology and the psychologist in the service of 
education 


By Mr. J. Lumsden 


This paper gave an account of some of the 
ways in which psychology may be usefully 
employed in education, especially by teachers. 
While many of the research results of psycho- 
logists are well appreciated, others are daily 
overlooked in the schools. Even more im- 
portant than psychological knowledge is the 
psychological attitude which can view educa- 
tional problems of all kinds from the point of 
view of their effects on behaviour. The 
attainment of this is difficult without pro- 


longed study. Uses that may be made of the 
professionally trained psychologist were 
suggested. 


Child guidance service 
By Miss C. M. McCallum 


Work of Child Guidance Service : relation- 
ship with schools, Health Service, social and 
judiciary services. 

Educational guidance: conflict between 
individual needs and group standards ; 
specific abilities and disabilities in respect to 
selection and promotion schemes ; types and 
grades of special educational treatment. 

Maladjustment : School, social, family, 
personal. 

Diagnosis. 

Treatment : (1) Clinical ; (2) Residential. 

Case Histories illustrating: (1) specific 
disability, (2) special ability, (3) cases for 
special educational treatment, (4) maladjust- 
ment to school, (5) anti-social adaption, 
(6) family conflict, (7) personality break- 
down. 

Child Guidance Centre as (1) clearing 
centre, (2) treatment centre. 


Objective research into educational problems 
By Prof. E. A. Peel 


Two main problems of modern education 
are the grouping of children on sound 
psychological grounds and the discovery of 
more efficient methods of learning and teach- 
ing. Psychological research is contributing 
much towards solving these problems. A 
brief survey will be made of such research into 
the problem of discovering and inter-relating 
children’s abilities, aptitudes, attainments, 
traits, interests and attitudes. The contri- 
butions of psychological research to education 
on the side of learning and teaching will then 
be reviewed. Specific topics will include 
backwardness, formal training, and the con- 
tributions of association, gestalt and field 
theories towards a deeper understanding of 
the learning process as demonstrated in 
acquiring mastery of school subjects. 
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SECTION H.—ANTHROPOLOGY 


KENTS CAVERN 


1949 REPORT of the COMMITTEE appointed to co-operate with the Torquay — 


Natural History Society in investigating Kents Cavern. Mr. M. C. Burkitt, Chairman; 
Prof. V. Gorpon CHILDE, Secretary; Mr. A. L. Armstrone, Prof. D. A. E. Garrop 
Mr. A. G. Manan, Dr. K. P. OAKLEy and Prof. F. ZEUNER. , 


At its meeting in Brighton the Committee decided that, as no adequate publication had 
appeared of the results of the excavations in Kents Cavern that it had been subsidizing for a 
number of years, and as these results were consequently in danger of being totally lost to 
science, no further excavation should be supported, and the grant of £10 should be used for 
preparation for a publication. Accordingly Mr. E. Pyddoke of the Sussex Archaeological 
Society’s Museum in Lewes was invited to explore the possibilities. After visiting Torquay 
and circularizing various museums Mr. Pyddoke has prepared a valuable report, the main 
conclusions of which are as follows :— 

From the first excavations by Rev. J. MacEnery, reported in his Cavern Researches, 1859 
only a few flint artifacts in the Geological Museum, South Kensington, and two in the Torquay 
Museum can now be traced. 

The next excavations by W. Pengelly, 1864-1880, seem to have been recorded in note- 
books now in the custody of the Torquay Natural History Society and deposited for safe- 
keeping with their bankers. Of the finds, the Torquay Museum has a small collection and 
the rest have been dispersed among the Royal Albert Memorial Museum, Exeter ; Sedgwick 
Museum, Cambridge ; Geology Department, Liverpool University ; Reading Museum; 
Worthing Museum; Royal Scottish Museum; York Museum; Newport Museum; 
Hunterian Museum, Glasgow University; Natural History Department, Birmingham 
Museum ; Manchester University Museum; Royal Library and Scientific Institution, 
Bath ; Geological Museum, South Kensington ; British Museum (Bloomsbury and South 


Kensington) ; Royal College of Surgeons’ Museum and probably other institutions in this | 


country or abroad which have not yet answered the circular. 
From 1927 to 1938 excavations were conducted by A. H. Ogilvie, then Curator of the 
Torquay Museum. He is now a very old man and seems to have kept no written records, 


Apart from a human jaw and remains of an already familiar fauna, it seems unlikely that he | 


made any important archaeological finds apart from a Levallois disc, now at Torquay. 
The cavern is now commercialized and prepared gravels paths in the cave and a tea-lawn 
in front of it would impede any large scale excavations. Yet the owner allows his guides to 
dig where they like in the slack winter months. 
On the subject of publication, Mr. Pyddoke writes :— 


‘A most desirable object would be the tracing of all formerly excavated material, the 


relating of it to known records and the publication in one volume of drawings and photo- 
graphs of a fairly large number of the implements, which appear to include types belong- 
ing to Chellean (?), Acheulean, Levalloisian, Mousterian (?), Aurignacian, Gravettian 
and Magdalenian (cf. Cresswellian), Bronze Age, Iron Age, and Roman industries. 

‘Such representations as have been published usually show only one aspect of a tool 
and often no obvious scale is given. 

‘ (Pottery and bronze objects appear so far to have remained unpublished.) 

‘ The opportunity might also be taken to summarize in one paper all the many brief 
papers, notices and reports which have appeared in a number of more or less inaccessible 
publications and also to summarise Pengelly’s diaries and note-books. 

‘ At the same time the writer would like to see certain matters discussed in the light 
of modern knowledge—for instance, whether the implements which have been described 
as “ Chellean ” are not in fact Acheulean and whether the suggestion that they entered 
the cave by being rolled down swallow-holes is not inadequate, since abrasion is in many 
cases almost non-existent. 


* Additional value could be given to the paper by the provision of detailed plans and | 


sections and, for purposes of comparison, figures of material from Mr. A. Leslie Arm- 


strong’s cave excavations at Cresswell Crags, Derbyshire and of other comparative 


material. 
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Derbyshire Caves 


‘ As will be seen from the foregoing the discovery, recording, drawing or photograph- 
ing of the widely distributed material must take time and will involve expense in travel- 
ling. Research into Pengelly’s diaries alone will probably require a fairly long stay 
in Torquay. 

‘ Until the extent of the material is assessed it seems impossible to suggest what should 
be the size and form of an eventual publication.’ 

V. Gorpon CHILDE, 
Secretary. 


EXPLORATION OF CAVES IN THE DERBYSHIRE 
DISTRICT 


INTERIM REPORT No. 21 (1949) of COMMITTEE appointed to co-operate with 
a Committee of the Royal Anthropological Institute in the exploration of caves in the 
Derbyshire district. Mr. M. C. Burxirr, Chairman ; Mr. A. Lestiz ARMSTRONG, Secretary ; 
Dr. ARTHUR Court, Prof. H. J. FLeure, F.R.S., Prof. D. A. E. Garrop, Dr. J. WILFRED 
Jackson, and Prof. L. S. PALMER. 


During the past year the excavation of two small caves situated 2 miles north-west of Cres- 
well Crags, in the vicinity of Whitwell, has been undertaken by the Committee and work is in 
active progress there by Mr. Leslie Armstrong, Dr. Arthur Court, and Mr. W. H. Hanbury, 
who have completed the excavation of Whaley Cave and Rock Shelter, No.2. During the 
final stages of the latter, archaeological evidence of an entirely unexpected character was 
obtained and is described below. Facilities have again been given for students of archaeology 
to participate in the work of excavation and obtain experience in the technique of cave 
digging. 

oWith regard to the work accomplished, Mr. Leslie Armstrong reports that the excavation 
of Section ‘C’ at Whaley Cave and Rock Shelter, No. 2, which had reached a depth of 8 ft. when the 
1948 Report was submitted, has been completed to base level, 12 ft. below the datum line. 
It provided no new evidence, but supplemented and confirmed that of the previous sections 
adjoining, and revealed living levels corresponding to those recorded in Section ‘ B.’ These, 
however, were much less well defined at the rear, in the lower Creswellian zone ; probably 
due to the restricted height and unsafe character of the roof, due to a partial collapse at that 
period. The two horizons of Mousterian culture yielded split and utilised animal bones, 
artifacts of quartzite and limestone, and two Mousterian points, one fabricated in flint and 
one in Derbyshire black chert of exceptionally good quality. The excavation terminated, 
as before, in a sterile layer of yellow cave earth exhibiting signs of waterlogging and lamination 
resting upon a base deposit of extremely fine, sterile, and stoneless sand. 

Section ‘ D.’—In order to ascertain the precise relation of the outer wall of the collapsed 
cave to the main cliff, it was deemed advisable to extend the excavation a further 6 feet 
beyond Section ‘C.’ As anticipated, the rear and lower wall of the cave proved to be a 
part of the main cliff, consisting of a spur, or shelf of rock, thrust outwards therefrom, but 
obscured by a shallow surface scree resting upon a stratum of yellow loam, separating the 
scree from the rock. Enclosed in this loam human remains were encountered which, from 
the disposition of those first revealed, comprising a hand, feet and a few ribs, appeared to 
represent a ‘ crouched ’ burial ; but as the excavation proceeded it became evident that it 
was not a burial, but a deposit of closely intermingled human and animal bones. The 
human remains comprised a few vertebra ; most of the bones of two hands and feet; a 
fibula ; and numerous teeth. The teeth are those of two individuals. The animal bones, 
mostly carpal and tarsal bones, ribs, vertebra and jaws, are those of sheep, lamb, young pig, 
sucking pig, dog or wolf, and a small ox. It is significant that no ‘ long ’ bones were present, 
human or animal. The mass occupied a space roughly circular and 2 feet in diameter ; 
it was closely compacted and the bones jumbled together, particularly in the centre, in a 
manner which suggested that it was the residue of a mixed stew, dumped out of a stew pot. 
To myself and my colleagues this find appears to provide strong circumstantial evidence of 
the practice of cannibalism ; and the variety of animal bones accompanying the human 
temains seem to rule out any explanation on the lines of ritual cannibalism. A precise 
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Derbyshire Caves 


dating is not possible, as only flakes of flint were associated ; no pottery and no typical arti. 
facts. On the general evidence, however, it can be assigned to the Neolithic with some 
degree of certainty, for the following reasons. The position and the contained fauna of the 
yellow loam proves that it was a post-glacial deposit which, in Sections ‘ A’ to ‘ C,’ had 
infiltrated between the rocks and debris composing the talus formed by the collapse of the 
Palaeolithic rock shelter and cave. Near the base of this talus the loam formed a definite ! 
layer, enclosing the lower rocks, and rested upon the Pleistocene cave earth. In Section ‘ D’ 
there was no collapse of the cliff, and therefore no talus, merely a scree of rock fragments 
intermixed with humus which merged into the yellow loam beneath. The yellow loam 
was a continuous layer enclosing the base of both the rocky talus in Sections ‘ A’ to ‘C; 
and the shallow scree of Section ‘ D.’ Pottery and artifacts of all periods from Mesolithic to 
recent, have been found in the interstices of the talus, but it is significant that finds in the 
yellow loam have been confined to objects of Mesolithic and Neolithic date. } 
As the dump of bones was enclosed within the loam and was without doubt contemporary 
therewith and not an insertion, it is clear that upon stratigraphic evidence it must be assigned 
either to Mesolithic or Neolithic times. A Mesolithic date is improbable. Some evidence 
of a sparse occupation in that period was found in adjoining sections, near the base of the 
loam, but was indicative of a frugal economy, whereas the variety of animals represented in / 
the dump of bones is proof that the people responsible for it had an abundant food supply; 
a fact which favours a Neolithic dating. This is supported by the fact that the loam in ad. } 
joining sections yielded Neolithic pottery, a polished axe, and numerous artifacts of flint and 
bone, associated with bones of animals represented in the dump and also human vertebra, 
teeth and a mandible. Upon this evidence it seems reasonable to infer that the deposition of 
the dump of bones was contemporary with those finds and therefore Neolithic in date. 
Upon completion of the work at Whaley the excavations were filled in and the site tidied 
up to the satisfaction of the tenant. 
New work in the Creswell area.—The excavation of two small caves in this area, south-west of ) 
Whitwell, is now in active progress, but at the date of writing this report is still in an explora- 
tory stage. The sites are on opposite sides of a dry valley known as Burntfield Grips, which falls 
south to south-east, from Bakestone Moor, and are approximately at 400 ft.O.D. The valleyis | 
bordered on both sides by crags of Magnesian Limestone and appears to have been originally 
a deep ravine of the same character and geological age as the Creswell Gorge and Markland 
Grips, but has been partially filled by glacial drift. The drift has given a modified ‘ U ’ form 
to the valley, buried much of the cliffs and steeply blanketed the sides. The excavations \ 
have established that at least the upper portion of this infillling of the valley was laid down 
during the last glaciation of the area, and has therefore provided valuable new evidence | \ 
respecting the physical geology of this district. ; 
Site No. ], on the north-west side of the valley, is a small cave with a rock shelter flanking the ) 
entrance. The interior is lofty, the floor piled high with debris and tabular rock fallen from 
the flat roof. A trial excavation in the cave entrance, and a cut across the rock shelter, to ih 
a depth of 3 ft. 6 ins., has revealed some evidence of a Mesolithic occupation, resting on the 
surface of the glacial drift. The drift forms a compact bed, 2 ft. 6 ins. to 3 ft. thick and passes 
into the interior of the cave. It is archaeologically sterile and consists of a sandy loam, | 
brown in colour, containing abraded limestone fragments, erratic and Bunter pebbles, and 
has all the characteristics of glacial drift or outwash material. That it is actually of that 
nature is indicated by the fact that it proved to rest upon a Pleistocene deposit of red cave 
earth containing charcoal fragments and artifacts of Creswellian type. 7 
The depth of this zone is not yet known, but a Palaeolithic occupation has been established. A 
Site No. 2. is on the opposite side of the valley. It appears to be a masked cave, but may 
prove to be a deep rock shelter. The sealing by drift is almost complete and only the arch , 
of the entrance is visible. The trial trench reveals that the sealing material is the same as 
that encountered in Site No. ], but is of greater depth, and as the bottom has not been reached 
it is not yet known whether an occupation level exists beneath it, but evidence from above fk 
the drift denotes the presence of a Mesolithic occupation level, similar to that of Site No. I. 


The Committee desires to be reappointed and makes request for a grant to assist in the 


extension of the Whitwell work. 
M. Burkitt, Chairman. 


July 30, 1949. A. L. ARMSTRONG, Secretary. 
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